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CHEMISTRY 


Introduction. 

The  science  of  Chemistry,  in  its  most 
comprehensive  sense,  is  so  extensive  in 
its  views,  that  it  is  necessary  to  premise 
a  few  remarks  upon  the  objects  and 
limits  of  the  following  Treatise.  All  the 
forms  of  matter  existing  upon  this  earth 
are  capable  of  being  submitted  to  che¬ 
mical  examination ;  but  this  class  of 
investigations  carries  us  even  beyond  the 
confines  of  this  globe,  and  embraces  the 
interesting  subjects  of  light,  heat,  and 
electricity.  The  mere  index  of  a  com¬ 
plete  system  of  Chemistry  would  occupy 
the  space  of  more  than  one  number  of 
these  essays  ;  any  detailed  examination 
of  so  large  a  field  would,  therefore,  ob¬ 
viously  far  exceed  the  range  of  our  pre¬ 
sent  plan.  A  subject  so  extensive  ad¬ 
mits  of  many  subdivisions  ;  these  form 
the  objects  of  separate  Treatises,  which 
have  been  already  published,  such  as 
Heat,  Electricity,  Galvanism,  Thermo¬ 
meters  ;  or  will  be  hereafter  published, 
as,  Animal  and  Vegetable  Chemistry, 
Crystallography,  Chemical  Analysis, 
Metallurgy,  Electro-Chemistry,  Gaseous 
Chemistry,  &c. 

Our  object  in  the  present  Treatise  is 
to  explain  the  first  principles  of  Che¬ 
mistry  strictly  so  called ;  and,  in  so 
doing,  we  shall  endeavour,  as  much  as 
possible,  to  simplify  the  subject ;  and  to 
illustrate  it  by  reference  to  common  ex¬ 
perience,  or  such  simple  experiments  as 
every  one  might  make  with  implements 
and  substances  commonly  to  be  met 
with.  The  study  of  Chemistry  is  too 
often  supposed  to  imply  a  difficult  and 
abstruse  pursuit,  and  the  necessity  of  a 
provision  of  scarce  materials  and  ex¬ 
pensive  apparatus;  and  to  be  adapted 
only  to  those  who  have  it  in  their  power 
to  devote  themselves  entirely  to  the  sub¬ 
ject :  but  we  are  of  opinion  that  the 
general  principles  of  the  science  may  be 
learnt  from  operations  which  are  con¬ 
stantly  going  on  around  us,  or  which  we 
can  command  at  pleasure ;  and  with 
which  it  would  highly  benefit  every  one, 
whatever  his  station  in  life,  to  become 
acquainted.  That  so  many  persons,  not 
uninformed  in  other  respects,  should  re¬ 


main  heedless  and  ignorant  of  the  con¬ 
stitution  of  those  commonest  forms  of 
matter  amongst  which  their  lot  is  cast, 
and  upon  which  their  existence  depends, 
shows  an  indifference  to  things  of  the 
highest  interest,  w'hich  is  irrational ;  and 
can  be  accounted  for  only  by  some  de¬ 
fect  in  the  common  systems  of  education. 
Numbers  there  are,  far  above. the  lower 
classes,  who  still  consider  the  elements 
of  all  things  as  consisting  of  Earth,  Air, 
Fire,  and  Water ;  an  error  which  classical 
learning,  no  less  than  the  expressions  of 
common  parlance,  tends  to  perpetuate. 
Let  vis  hope  that  the  days  are  at  hand, 
if  not  already  arrived,  in  which  the  ac¬ 
quirement  of  such  fundamental  know¬ 
ledge  will  be  looked  upon  as  at  least 
equally  necessary  with  the  study  of  lan¬ 
guages,  and  the  cultivation  of  taste  and 
imagination. 

The  condensation  requisite  in  this 
work  obliges  us  to  exclude,  from  the 
following  pages,  all  historical  details ; 
all  mention  even  of  the  names  of  those 
great  philosophers  by  whose  labours  the 
science  has  been  built;  and  all  topics  of 
controversy :  and  we  shall  confine  our¬ 
selves  to  giving  a  faithful  description  of 
the  phenomena  of  nature  ;  pointing  out 
their  connexion  with  each  other,  and 
offering  the  best  explanation  of  their 
mutual  relations,  of  which  the  present 
state  of  our  knowledge  allows.  Our 
allotted  space  will  thus  be  devoted  to  the 
more  useful  portions  of  the  science, 
while  we  are  compelled  to  sacrifice  much 
of  the  interesting  and  entertaining.  But 
for  the  sake  of  those  who  have  the 
opportunity  of  pursuing  the  science  fur¬ 
ther,  we  shall  endeavour  to  obviate  the 
defects  of  such  a  plan,  by  appending  a 
select  list  of  the  best  works  of  reference. 

Chapter  I. 

On  Attraction  and  Repulsion,  Chemical 
Affinity  and,  Decomposition. 

(§  1.)  All  the  phenomena  of  the  material 
universe  may  be  ultimately  resolved  into 
two  kinds  of  motion  ;  namely,  those  re¬ 
sulting  from  the  two  principles  of  attrac¬ 
tion  and  repulsion :  in  consequence  of 
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which,  the  particles  of  matter  approach 
or  move  from  each  other  according  to 
laws  which  the  intellect  of  man  has  been 
able  to  develope,  but  the  causes  of  which 
appear  to  be  beyond  his  comprehension. 
We  distinguish  two  principal  modes  in 
which  bodies  are  affected  by  these  oppo¬ 
site  forces :  in  the  first,  motion  is  com¬ 
municated  to  masses  (or  visible  combi¬ 
nations  of  the  ultimate  atoms  of  bodies) 
at  sensible  distances ;  in  the  second,  to 
the  ultimate  invisible  atoms  of  bodies  at 
insensible  distances.  To  the  former  mode 
belong  the  attractions  of  gravitation, 
electricity,  and  magnetism ;  which  we 
see  exemplified  respectively  in  the  fall  of 
a  stone  to  the  earth;  the  approach  of 
light  bodies  to  resinous  substances,  or 
glass,  when  rubbed ;  or  of  iron  filings  to 
a  loadstone :  to  the  latter  may  be  referred 
the  attraction  of  cohesion ;  of  which  we 
can  form  a  correct  idea  from  the  strong 
adhesion,  when  pressed  together,  of  the 
two  halves  of  a  leaden  bullet  which  has 
been  cleft  asunder;  and  from  the  run¬ 
ning  together  of  two  globules  of  clean 
quicksilver,  when  brought  into  contact, 
or  of  two  drops  of  rain  upon  a  pane  of 
glass.  In  like  manner,  repulsion  at  sen¬ 
sible  distances  may  be  exemplified,  by 
the  force  with  which  the  particles  of 
glass  fly  asunder  in  the  common  play¬ 
things  called  Prince  Rupert’s  drops ;  by 
the  flying  off  of  the  same  light  bodies 
which  have  been  first  attracted,  after 
they  have  been  some  time  in  contact 
with  an  excited  resin  or  glass,  or  by  the 
recession  from  each  other  of  the  two 
similar  ends  of  two  magnetised  needles: 
and  repulsion  at  insensible  distances, 
which  is  chiefly  excited  by  heat,  may  be 
seen  in  the  expansion  of  the  fluid  of  a 
thermometer,  when  warmed  by  the  hand, 
or  the  gradual  swelling  out  of  a  bladder, 
partly  filled  with  air,  before  a  fire. 

Attraction  and  repulsion,  acting  upon 
masses  at  sensible  distances,  form  the 
particular  study  of  natural  philosophy 
(in  the  limited  acceptation  of  the  term) ; 
which  also  embraces  the  same  pheno¬ 
mena  acting  at  insensible  distances  upon, 
particles  of  the  same  nature  ;  as  those  of 
the  globules  of  quicksilver,  or  of  the  air 
included  in  the  bladder. 

(§  2.)  The  study  of  the  effects  of  at¬ 
traction  and  repulsion  acting  at  insensi¬ 
ble  distances  upon  particles  of  different 
natures,  constitutes  the  science  of  che¬ 
mistry*.  The  solution  of  a  lump  of 

•  The  word  chemistry  is  of  Arabic  origin,  in  which 
language  it  signifies  “  the  knowledge  of  the  composi¬ 
tion  of  bodies.” 


sugar,  or  of  alum,  in  water,  is  an  ex¬ 
ample  of  this  species  of  attraction  ;  and 
the  power  which  determines  the  union 
of  the  sugar,  or  of  the  alum,  with  the 
water,  is  specially  denominated  chemical 
affinity. 

(§  3.)  The  attraction  of  cohesion,  or 
that  force  which  unites  together  particles 
of  the  same  nature,  and  different  modi¬ 
fications  of  which  occasion  the  varia¬ 
tions  *  of  solids  and  liquids  ;  as  well  as 
that  power  of  repulsion,  which  is  oppos¬ 
ed  to  it,  and  which  characterises  the 
state  of  aeriform  fluids  are,  in  fact,  both 
opposed  to  chemical  attraction,  or  the 
force  which  combines  particles  of  dif¬ 
ferent  natures :  and  common  experience 
daily  proves,  that  a  lump  of  sugar,  or 
crystals  of  salts,  are  much  more  readily 
dissolved  in  water,  if  previously  broken 
down  or  pounded,  than  if  left  in  that 
solid  form  which  the  cohesion  of  their 
particles  imparts.  Instances  will  be 
hereafter  pointed  out,  which  will  prove 
that  the  strongest  chemical  affinity  may 
be  held  in  check  until  cohesion  has  been 
destroyed. 

The  following  experiment  beautifully 
illustrates  the  opposite  action  of  these 
two  attractions:  — Place  a  lump  of  alum, 
of  a  nearly  prismatic  form,  in  a  glass  of 
water,  and  carefully  watch,  from  time  to 
time,  for  some  days,  the  progress  of  its 
solution.  At  first,  the  water  acts  with 
so  much  energy  as  to  overcome  the  co¬ 
hesion  of  the  solid  in  every  direction 
alike ;  but  as  the  particles  of  the  alum 
become  united  with  those  of  the  water, 
the  power  of  the  solvent  diminishes ;  and 
the  lump  of  alum  assumes  a  pyramidal 
shape,  with  the  narrow  end  upwards. 
The  reason  of  this  change  of  form  is, 
that  the  particles  of  water  which  com¬ 
bine  first  with  the  alum  become  heavier 
from  the  union,  and  fall  to  the  bottom  of 
the  glass ;  and  the  action  at  the  lower 
extremity  ceases  before  it  is  complete  at 
the  upper.  When  the  action  has  nearly 
terminated,  if  we  closely  examine  the 
lump,  we  shall  find  it  covered  with  geo¬ 
metrical  figures,  cut  out,  as  it  were,  in 
relief  upon  the  mass  ;  shewing,  not  only 
that  cohesion  resists  the  power  of  solu¬ 
tion,  but  that,  in  the  present  instance,  it 
resists  it  more  in  some  directions  than  in 
others;  and  that,  when  the  attraction  of 
the  solvent  is  nearly  satisfied,  it  is  ba¬ 
lanced  by  that  delicate  modification  of 

*  See  the  Treatise  on  Heat  for  an  explanation  of 
the  cause  of  vaporization,  liquefaction,  &c. ;  and  the 
Treatise  on  Pneumatics  for  the  mechanical  properties 
of  air,  &c. 
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cohesion  upon  which  crystalline  arrange¬ 
ment  depends.  The  consideration  of  the 
interesting  phenomena  of  crystallization, 
however,  forms  one  of  the  necessary 
subdivisions  of  our  subject,  and  will  be 
enlarged  upon  in  a  separate  Treatise,  in 
which  the  results  of  the  present  experi¬ 
ment  will  be  further  discussed. 

(§  4.)  It  will  be  convenient  to  distin¬ 
guish  three  degrees  of  chemical  attrac¬ 
tion  ; — the  result  of  the  first  and  lowest 
degree  is  mixture;  of  the  second  solu¬ 
tion;  and  of  the  third,  and  most  ener¬ 
getic,  composition.  We  shall  endeavour 
to  illustrate  the  distinctive  characters  of 
each  of  these  modifications,  and  also  to 
give  a  general  idea  of  the  various  me¬ 
thods  of  decomposition  arising  from  che¬ 
mical  repulsion ;  and  in  so  doing,  we 
shall  hope  to  present  such  a  preliminary 
view  of  affinity,  as  may  assist  the  further 
progress  of  the  student.  It  must,  at  the 
same  time,  be  borne  in  mind,  that  the 
developement  of  the  subject  can  only  be 
found  in  the  full  details  of  chemical 
science. 

On  Mixture. 

(§  5.)  Chemical  mixture  can  only  take 
place  between  two  bodies  when  the 
particles  of  both  are  In  a  like  state, 
and  the  power  of  cohesion,  with  regard 
to  them,  so  far  suspended  as  to  admit 
of  that  freedom  of  motion  between  them¬ 
selves  upon  which  fluidity  depends : 
thus,  two  liquids,  or  two  aeriform  fluids 
may  admit  of  mixture ;  but  two  solids 
can  be  chemically  mixed  only  by  di¬ 
minishing  their  cohesion,  by  means  of 
heat,  to  such  a  degree  as  to  bring  them 
both  to  the.  state  of  liquids. 

Between  some  fluids  there  appears  to 
be  no  attraction  ;  and,  consequently,  they 
do  not  admit  of  mixture  :  thus,  if  water 
and  oil  be  agitated  together,  they  almost 
immediately  separate,  and  the  lighter 
liquid  floats  upon  the  denser.  Sulphuric 
acid,  or  oil  of  vitriol,  and  water,  on  the 
contrary,  have  a  strong  affinity  for  each 
other,  and,  when  mixed  together,  will 
not  again  separate  by  repose ;  although 
one  fluid  is  very  much  heavier  than  the 
other.  Alcohol,  or  pure  spirit,  and  water 
form  a  mixture  of  the  like  permanent 
character;  and  many  similar  instances 
might  be  adduced. 

(§  6.)  Of  the  mixture  of  aeriform 
bodies  we  have  an  example  in  the  at¬ 
mosphere  which  we  breathe  ;  which  con¬ 
sists  principally  of  two  species  of  air 
mingled  together  with  wonderful  uni¬ 
formity  :  they  have  received  the  names 
of  oxygen  and  nitrogen  gases.  They 


may  be  separated,  and  the  latter  ex¬ 
hibited  in  a  detached  form,  by  burning 
a  little  sulphur  in  a  quantity  of  the  at¬ 
mosphere  confined  in  a  bell  glass  over 
water.  When  this  process  is  performed 
with  care,  the  oxygen  is  removed  and 
the  nitrogen  remains.  Of  the  properties 
of  these  bodies  this  is  not  the  place  in 
which  we  propose  to  speak ;  but  we 
shall  only  remark,  at  present,  that  the 
residual  nitrogen  differs  so  remarkably 
from  the  mixture  from  which  it  has 
been  separated,  as  to  be  fatal  to  animal 
life,  if  breathed,  and  entirely  to  ex¬ 
tinguish  flame.  The  proportion  which 
it  bears  to  the  total  quantity  upon  which 
the  experiment  is  tried  is  invariably  the 
same.  Unlike  the  case  of  liquids,  all 
aeriform  bodies  have  the  property  of 
mixing  together.  This  difference  in  the 
two  classes  of  bodies  is  to  be  ascribed 
to  the  different  modification  of  the  power 
of  attraction  between  their  constituent 
particles.  In  the  instances  where  mix¬ 
ture  does  not  take  place  between  two 
liquids,  as  oil  and  water,  or  quicksilver 
and  water,  the  still  remaining  attraction 
of  cohesion  between  the  similar  par¬ 
ticles  is  probably  greater  than  the  che¬ 
mical  attraction  between  the  dissimilar 
particles.  In  aeriform  fluids  attraction 
of  cohesion  does  not  exist,  (at  least 
within  the  limits  of  common  experience,) 
and  the  first  degree  of  chemical  attrac¬ 
tion  between  the  dissimilar  particles 
comes  into  action  unopposed. 

The  expansive  power  of  heat  being 
opposed  to  cohesion,  the  attraction  be¬ 
tween  the  particles  of  some  bodies  may 
be  so  far  counteracted  by  its  agency  as 
to  reduce  them  to  the  fluid  state,  and 
then  they  may  admit  of  mixture :  thus 
melted  tin  may  be  mixed  with  melted 
lead  or  copper,  and  their  particles  remain 
intermingled,  when  from  a  diminution  of 
temperature  they  resume  the  solid  state. 

($  7.)  Chemical  mixture  may  take 
place  between  two  bodies  in  any  pro¬ 
portions.  Equal  measures  of  sulphuric 
acid  and  water  may  be  mixed  together ; 
or  one  drop  of  the  former  with  a  gallon 
of  the  latter;  or  a  drop  of  the  latter 
with  a  gallon  of  the  former,  or  in  any 
intermediate  proportions ;  and  in  every 
case  the  mixture  will  be  perfect,  uni¬ 
form,  and  permanent.  In  like  man¬ 
ner,  oxygen  and  nitrogen  may  be 
mixed  in  any  proportions,  although 
the  atmospheric  mixture  is  always  con¬ 
stant. 

(§  8.)  Chemical  mixture  between 
liquids  is  often  attended  by  condensa¬ 
tion  or  contraction  of  volume :  so  that 
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a  measure  of  sulphuric  acid  or  of  alcohol* 
mixed  with  an  equal  measure  of  water, 
will  not  quite  fill  two  measures. 

(§  9.)  Increase  of  temperature  is  also 
frequently  another  concomitant  of  the 
mixture  of  liquids.  If  four  parts,  by 
weight,  of  sulphuric  acid,  be  suddenly 
mixed  with  one  of  water,  at  ordinary 
temperatures,  the  heat  given  out  will  be 
more  than  sufficient  to  make  water  boil. 

($  10.)  The  properties  of  bodies  are 
not  essentially  changed  by  mixture  ;  but 
those  of  the  resulting  product  are  in 
some  degree  intermediate  between  their 
component  parts  :  the  character,  how¬ 
ever,  of  the  more  active  ingredient  will 
predominate,  in  a  degree,  of  course,  pro¬ 
portionate  to  its  quantity.  A  few  drops 
of  sulphuric  acid  will  communicate  an 
intensely  sour  taste  to  a  quart  of  water ; 
but  the  same  number  of  drops  of  alcohol 
will  scarcely  affect  the  sensible  pro¬ 
perties  of  an  equal  quantity  of  that  fluid. 

($  11.)  The  separation  of  liquid  mix¬ 
tures  may  be  effected  by  either  the  ad¬ 
dition  or  subtraction  of  heat ;  by  the 
unequal  effect  produced  upon  the  co¬ 
hesive  attractions  of  their  ingredients. 
By  carefully  applying  heat  to  a  mixture 
of  alcohol  and  water,  the  spirit  will  rise 
in  vapour  and  leave  the  water  pure ; 
this  process  is  called  evnporatl07l,  where 
the  elastic  fluid  is  allowed  to  escape  ; 
but  when  it  is  separately  reeondensed  and 
preserved,  it  is  termed  distillation*. 
On  the  other  hand,  by  the  application  of 
cold  to  a  similar  mixture,  the  cohesion 
of  the  particles  of  water  may  be  so  much 
more  increased  than  that  of  the  particles 
of  the  spirit,  that  the  former  will  sepa¬ 
rate  in  a  solid  form,  and  leave  the  latter 
in  a  state  of  purity.  It  is  thus  that  in 
the  Arctic  regions  the  watery  particles 
of  brandy  are  frozen  by  exposure  to  the 
air,  and  a  very  small  quantity  of  strong 
spirit  is  left  in  the  fluid  state  in  the  in¬ 
terior  of  the  mass. 

Mixtures  of  gaseous  fluids  cannot  be 
separated  by  heat  or  cold,  for  they  all 
expand  in  the  same  degree  by  equal  in¬ 
creases  of  temperature  ;  but  steam  and 
other  vapours  may  be  separated  from 
gases  by  reduction  of  temperature  ;  for 
the  abstraction  of  heat  destroys  the  elas¬ 
ticity  of  the  former,  but  not  of  the  latter. 
In  this  manner  the  aqueous  vapour, 
which  is  always  mixed  in  a  greater  or 
less  proportion  with  the  gases  of  the 
atmosphere,  may  be  separated ;  and 
hence  the  origin  of  clouds  and  fogs. 

*  See  the  Treatise  on  Hkat  for  an  explanation 
of  the  general  principles  of  evaporation,  distillation, 
tee. 


On  Solution r 

(§  12.)  Solution  is  the  result  of  an 
affinity  between  bodies  in  different  states 
with  regard  to  cohesion.  In  this  case 
liquids  are  called  solvents ;  and  they  can 
act  upon,  or  hold  in  solution,  either 
solids  or  aeriform  fluids.  We  have 
already  alluded  to  instances  of  the  solu¬ 
tion  of  solids  as  illustrations  of  the  gene¬ 
ral  subject  of  affinity  (§3) ;  and  we  have 
shown  that  the  power  of  cohesion  is 
opposed  to  this  action.  Between  some 
liquids  and  solids  there  appears  to  be  no 
attraction  whatever ;  or,  if  any,  it  is  in¬ 
ferior  to  the  attraction  of  cohesion  by 
which  the  homogeneous  particles  of  the 
solid  are  united  ;  thus  rosin  is  wholly  in¬ 
soluble  in  water,  but  readily  unites  withi 
alcohol. 

(§  13.)  And  here  we  may  remark,  that 
chemical  attraction,  in  general,  may  be 
exerted  in  different  degrees  between  one 
body  and  several  others.  There  is,  as  we 
have  seen,  a  mutual  affinity  between 
alcohol  and  water,  whereby  they  are 
capable  of  mixing  ;  there  is  also  a  mutual 
affinity  between  alcohol  and  rosin,  where¬ 
by  the  former  is  capable  of  dissolving 
the  latter;  and  there  is  no  affinity  be¬ 
tween  water  and  rosin.  Now  if,  to  a  solu¬ 
tion  of  rosin  in  alcohol,  water  be  added, 
it  will  be  found  that  the  rosin  will  re¬ 
sume  the  solid  form:  the  attraction  be¬ 
tween  the  particles  of  alcohol  and  those 
of  water,  is  greater  than  between  the 
particles  of  alcohol  and  those  of  rosin 
the  consequence  is,  that  the  alcohol 
quits  the  rosin,  and  combines  with  the 
water,  and  the  attraction  of  cohesion 
being  no  longer  opposed,  resumes  its 
ascendancy.  This  has  been  called  elec¬ 
tive  attraction,  because  the  alcohol  may 
figuratively  be  said  to  exercise  a  choice- 
between  the  substances  with  which  it  is 
capable  of  combining.  This  resumption, 
of  the  solid  form  of  a  substance,  pre¬ 
viously  dissolved  in  a  liquid,  is  termed 
precipitation ;  although  the  term  can 
only  be  strictly  applied  where  the  solid, 
set  at  liberty,  falls  to  the  bottom  of  the 
vessel. 

(§  14.)  Unlike  the  case  of  mixture, 
there  is  a  limit  to  the  power  of  solution.;, 
and  liquids  cannot  combine  with  more 
than  a  certain  definite  quantity  of  any 
solid  or  aeriform  body :  thus  water  will 
only  take  up  a  certain  known  weight  of 
alum,  or  alcohol  of  rosin.  The  point  at 
which  the  action  between  the  two  bodies 
ceases,  is  called  the  point  of  saturation . 
Up  to  this  point  the  two  bodies  may 
combine  in  any  proportions. 
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■Carbonic  acid,  or  that  aeriform  sub¬ 
stance,  formerly  known  by  the  name  of 
Jived,  air,  which  most  persons  are  ac¬ 
quainted  with,  as  given  otf  from  bottled 
beer  or  soda  water,  is  capable  of  being 
absorbed  by  water ;  which  liquid,  under 
ordinaiy  circumstances,  will  take  up 
rather  more  than  its  own  bulk  of  this 
air  (or  gas).  As  in  the  case  of  solids, 
the  attractive  power  of  cohesion,  at  a 
certain  point,  balances  the  action  of  the 
•solvent,  so,  in  aeriform  bodies,  the  re¬ 
pulsive  power  of  elasticity  sets  similar 
limits  to  its  exertion.  It  is  only  to  a 
certain  point  that  the  solvent  power  of 
water  can  counteract  the  elasticity  of  the 
carbonic  acid ;  and  beyond  this  point 
of  saturation  it  cannot  unite  with  it. 

($  1 5.)  The  influence  of  heat  upon  the 
power  of  solution,  corresponds  with  the 
difference  between  cohesion  and  elas¬ 
ticity.  Upon  solid  bodies  it  generally 
increases  the  power  of  the  solvent,  by 
diminishing  their  cohesion.  Upon  aeri¬ 
form  bodies  it  diminishes  the  power,  by 
adding  to  their  elasticity.  Water  may 
be  saturated  with  alum  at  the  common 
temperature  of  the  atmosphere,  and  if 
heat  be  afterwards  applied,  will  dissolve 
an-additional  quantity ;  if  the  solution 
be  then  allowed  to  cool,  the  attraction 
of  cohesion  will  resume  its  ascendancy, 
and  the  second  portion  of  the  alum  will 
be  deposited  in  solid  and  regular  forms. 
If,  on  the  contrary,  a  saturated  solution 
of  carbonic  acid  in  water  be  heated,  the 
gas  will  escape  from  its  combination; 
for  the  heat  increases  the  repulsive  power 
of  the  particles  of  the  gas,  and  the 
affinity  of  the  solvent  is  no  longer  able 
to  counteract  it. 

($  16.)  A  solvent  that  has  been  satu¬ 
rated  with  one  substance,  is  often 
eapable  of  combining  at  the  same  lime 
with  others ;  thus  water  which  has  taken 
up  its  full  proportion  of  saltpetre,  will 
further  dissolve  a  considerable  quantity 
of  common  salt. 

(§  17.)  The  process  of  the  solution  of 
a  solid  in  a  liquid,  is  very  frequently 
accompanied  by  a  diminution  of  tem¬ 
perature  ;  and  great  degrees  of  cold  may 
be  produced  by  dissolving  certain  pro¬ 
portions  of  different  salts  in  water.  A 
reduction  of  17°  is  produced,  by  merely 
saturating  water  at  common  tempera¬ 
tures  with  nitre  ;  and  nitrate  of  ammonia 
will,  in  the  same  way,  lower  the  ther¬ 
mometer  from  50°  to  4°*.  The  solution 
of  gases,  on  the  contrary,  is  generally 
accompanied  by  the  production  of  heat. 

*  See  Treatise  on  Heat,  p,  59. 
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(§18.)  The  properties  of  bodies  are 
not  changed  by  solution  any  more  than 
by  mixture  ;  and  the  characters  of  such 
combinations  are  intermediate  between 
those  of  their  ingredients.  The  most 
universal  solvent  in  nature  is  water; 
and  as  the  characters  of  that  liquid  are 
very  neutral,  i.  e.  distinguished  by  no 
very  energetic  or  active  properties,  aque¬ 
ous  solutions,  in  general,  possess  in  an 
eminent  degree  the  properties  of  the 
solids  or  gases  with  which  they  are 
combined. 

(§  19.)  Solvents  may  be  separated  from 
the  bodies  with  which  they  are  united 
by  alterations  of  temperature,  which 
change  their  state  of  cohesion.  If  a 
solution  of  alum  be  strongly  heated,  or 
boiled,  the  liquid  will  assume  the  state 
of  vapour,  or  of  an  elastic  fluid,  and 
flying  off,  the  solid  will  remain.  If  a 
solution  of  carbonic  acid  in  water  be 
frozen,  the  gas  will  escape,  and  the 
water  remain  in  the  solid  state.  The 
affinities,  however,  of  some  gases  for 
water  are  so  strong,  that  they  rise  in 
union  with  its  vapour,  and  cannot  be 
separated  by  evaporation. 

Chemical  Composition. 

(§  20.)  Composition  is  the  result  of  the 
highest  degree  of  chemical  attraction  ; 
which  may  take  effect  between  bodies 
whose  particles  are  under  every  modifi¬ 
cation  of  cohesive  attraction.  The  at¬ 
tractive  force,  however,  of  cohesion,  as 
well  as  the  repulsive  pow'er  of  elasticity, 
are  in  various  degrees  opposed  even  to 
this  power ;  and  till  reduced  or  modified, 
often  prevent  its  action  altogether.  The 
state  of  liquidity  is  consequently  most 
favourable  to  its  efficiency. 

($  21.)  The  union  of  bodies  in  this  in¬ 
timate  manner  only  takes  place  in  defi¬ 
nite  proportions ,  which  are  invariable  in 
the  same  compound,  and  it  is  commonly 
accompanied  by  a  total  change  of  their 
sensible  properties.  Great  alterations  of 
temperature  almost  always  accompany 
the  act  of  combination ;  and  when  the 
action  is  most  energetic,  light  and  heat 
are  given  otf  in  abundance,  and  often 
with  violence. 

If  copper  filings  and  sulphur  be  me 
chanically  mixed  together,  they  will  ex 
hibit  no  tendency  to  unite  at  the  common 
temperature  of  the  atmosphere ;  but  if 
heat  be  applied,  as  soon  as  the  latter 
melts,  a  violent  action  will  take  place ; 
the  copper  will  become  red  hot,  and  a 
black,  brittle  body  will  be  produced, 
with  properties  totally  different  from 
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those  of  its  two  ingredients.  This  com¬ 
pound  is  often  found  ready  formed  in 
mineral  veins;  but  whether  the  product 
of  nature  or  of  art,  as  above  described, 
its  composition  is  definite  and  invaria¬ 
ble  ;  and  it  is  found  to  consist  of  64 
parts  of  copper  to  16  parts  of  sulphur: 
or  100  parts  contain  80  copper  and  20 
sulphur.  Our  reason  for  preferring  the 
statement  of  the  proportion  in  the  former 
numbers  will  hereafter  appear. 

(§  22.)  It  often  happens,  however,  that 
a  body  will  unite  in  this  manner  in  more 
than  one  proportion  with  another;  the 
composition  in  each  case  being  no  less 
definite  and  fixed :  but  the  proportion  of 
one  of  the  ingredients  of  the  resulting 
compound  is  always  some  multiple  or 
sub-multiple  of  that  in  the  first  com¬ 
pound  ;  that  is  to  say,  it  is  double  or 
treble,  or  half,  and  so  on.  Thus  a  second 
combination  of  copper  and  sulphur  is 
known,  which,  although  it  cannot  be 
produced  by  the  direct  union  of  the  two 
bodies,  is  of  very  common  occurrence, 
and  constitutes  the  important  ore  from 
which  nearly  all  the  copper  of  commerce 
is  derived.  The  proportions  of  this  com¬ 
pound  are  64  copper  to 32  sulphur;  lhat 
is  to  say,  the  copper  is  combined  with 
exactly  double  the  proportion  of  sul¬ 
phur  which  exists  in  the  first  combina¬ 
tion. 

(§  23.)  The  compounds  which  mer¬ 
cury  or  quicksilver  forms  with  some 
other  bodies,  are  well  calculated  to  ex¬ 
hibit  the  striking  difference  of  character 
which  are  the  results,  not  only  of  che¬ 
mical  composition,  but  of  composition  in 
different  proportions.  If  this  brilliant, 
white,  fluid  metal  be  agitated  for  a  long 
time  in  contact  with  the  common  air,  it 
will  unite  with  the  oxygen  of  that  mix¬ 
ture,  and  will  be  converted  into  a  black, 
insipid,  insoluble  powder ;  which  consists 
of  200  parts  of  mercury  to  8  of  oxygen. 
If,  instead  of  being  agitated  at  common 
temperatures  with  the  air,  it  be  kept 
heated  with  it  to  nearly  its  boiling  point, 
it  will  be  converted  into  a  red,  shining 
mass,  also  a  compound  of  the  metal  and 
oxygen ;  but  which  is  endued  with  an 
acrid,  metallic  taste,  is  soluble  in  water, 
and  poisonous.  It  consists  of  200  parts 
of  mercury,  and  16  of  oxygen. 

Mercury  also  combines  with  sulphur 
in  two  proportions:  by  long-continued 
trituration  (or  rubbing  in  a  mortar)  the 
two  bodies  unite,  and  form  a  black, 
tasteless  compound,  which  contains  200 
parts  of  mercury  to  16  of  sulphur. 

If  mercury  be  poured  into  melted  sul¬ 


phur,  and  strongly  heated,  a  compound 
will  be  formed,  which  rises  in  vapour, 
and  concretes,  on  cooling,  into  a  brilliant 
red  substance,  known  by  the  name  of 
cinnabar  or  vermilion.  It  is  composed 
of  200  parts  of  mercury,  and  32  of  sul¬ 
phur. 

Again,  the  well-known  medicine  called 
calomel ,  is  a  compound  of  mercury,  and 
an  aeriform  substance,  which  we  shall 
hereafter  describe,  called  chlorine.  This 
compound  is  white,  crystalline,  very 
heavy,  tasteless,  and  nearly  insoluble  in 
water.  It  may  be  taken  in  doses  of 
several  grains  without  any  effect,  but 
that  of  a  purgative.  It  is  composed  of 
200  parts  of  the  metal,  and  36  parts  of 
chlorine. 

Mercury  is  capable  of  combining  with 
a  further  proportion  of  the  same  gaseous 
body ;  in  which  case  it  is  converted  into 
a  semitransparent,  white  mass,  of  an 
acrid,  nauseous,  metallic  taste,  soluble 
in  water  and  alcohol,  and  highly  poison¬ 
ous.  It  is  well  known  by  the  name  of 
corrosive  sublimate,  and  is  composed  of 
200  parts  of  mercury,  and  72  parts  of 
chlorine. 

Thus  substances,  comparatively  inert, 
may  produce,  by  their  union,  compounds 
of  highly  active  properties  ;  and  a  com¬ 
pound  of  two  bodies,  which,  in  one  fixed 
proportion  will,  if  taken  internally,  have 
but  a  slight  effect  upon  the  animal  frame, 
if  united  in  a  different  proportion,  will 
prove  destructive  to  life. 

(§  24.)  Highly  active  bodies  of  oppo¬ 
site  properties  will  also  produce  by  their 
combination  substances  of  mild  charac¬ 
ter,  and  they  are  then  said  to  neutralize 
each  other. 

Sulphuric  acid,  or  oil  of  vitriol,  to 
which  we  have  before  referred  as  a  well- 
known  liquid,  for  the  purpose  of  illus¬ 
trating  the  nature  of  chemical  mixture,  is 
highly  corrosive,  and  possesses  an  in¬ 
tensely  sour  taste.  If  brought  into  con¬ 
tact  with  a  substance  stained  with  the 
delicate  colour  of  any  blue  vegetable, 
such  as  that  of  violets  or  litmus,  it  in¬ 
stantly  changes  its  tint  to  bright  red ;  a 
property  which  belongs  to  all  acids. 

There  is  another  substance,  also  well 
known,  and  commonly  to  be  met  with, 
called  Barilla,  or  carbonate  of  soda.  It 
is  a  solid,  soluble  in  water,  of  a  hot, 
acrid,  bitter  taste.  It  changes  the  blue 
colour  of  vegetables  to  green ;  a  property 
which  belongs  to  a  class  of  bodies  deno¬ 
minated  alkalies.  Between  these  two 
bodies  a  strong  affinity  subsists.  If  into 
a  solution  of  the  latter  we  carefully  drop 
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a  portion  of  the  former,  a  brisk  efferves¬ 
cence  will  ensue,  and  carbonic  acid,  or 
fixed  air,  will  be  given  off,  as  from  soda 
water.  If  the  experiment  be  performed 
with  care,  and  the  dropping  in  of  the 
acid  stopped,  the  moment  the  efferves¬ 
cence  ceases,  the  solution  will  be  found 
to  be  warm,  and  to  be  possessed  of  pro¬ 
perties  totally  different  from  those  of  the 
acid  and  the  alkali  from  which  it  has 
been  formed.  It  will  not  be  sour,  cor¬ 
rosive,  acrid,  nor  hot.  It  will  have  no  ac¬ 
tion  upon  blue  vegetable  colours,  and  all 
the  active  properties  of  the  original  bodies 
are  said  to  be  neutralized — they  have 
neutralized  one  another.  The  product 
is  slightly  bitter,  saline,  and  cooling.  If 
part  of  the  water  be  driven  off  by  heat 
(or  evaporated),  a  solid  will  be  deposited 
in  regular  forms,  which  was  previously 
held  in  solution  by  the  water  which 
escapes.  This  substance  is  known  by  the 
name  of  Glauber's  salt,  or  sulphate  of 
soda,  and  is  extensively  used  in  medi¬ 
cine. 

($  25.)  That  power  of  affinity  which 
produces  chemical  composition  may,  as 
in  the  case  of  solution,  (§  13)  exist  in  a 
body  in  different  degrees  towards  other 
bodies ;  and  if  to  a  compound  of  two 
bodies  a  third  be  presented  which  has  a 
stronger  attraction  for  either  of  the  two 
ingredients  than  they  have  for  each 
other,  decomposition  of  the  original  com¬ 
pound  will  take  place,  and  a  new  com¬ 
pound  will  result.  Barilla,  or  carbonate 
of  soda,  to  which  we  have  just  referred, 
is  a  compound  of  a  highly  caustic,  alka¬ 
line  substance,  called  soda  and  carbonic 
acid.  In  the  experiment  above  alluded 
to  it  is  decomposed  ;  the  sulphuric  acid 
expels  the  carbonic  acid,  which  escapes 
in  effervescence,  and  takes  its  place  with 
the  soda.  If  a  solution  of  this  substance 
in  water  be  boiled  with  caustic  lime,  the 
carbonate  of  soda  will  be  decomposed, 
the  carbonic  acid  will  quit  the  soda  and 
unite  with  the  lime  and  carbonate  of 
lime,  or  chalk,  and  caustic  soda  will  be 
the  result.  This  action  is  called,  for  the 
reason  already  explained,  single  elective 
affinity. 

(§  26.)  If  two  compounds  be  brought 
together  in  solution,  it  will  not  unfre- 
quently  happen  that  a  process  of  double 
decomposition  and  composition  will  take 
place,  from  a  new  adjustment  of  the 
various  affinities  :  that  is  to  say,  the  two 
original  bodies  will  be  decomposed,  and 
two  new  compounds  produced,  from  a 
mutual  exchange  of  ingredients. 

The  substance  known  by  the  name  of 


sugar  of  lead,  is  a  compound  of  vinegar, 
or  acetic  acid  and  lead.  White  vitriol  is 
composed  of  sulphuric  acid  and  zinc. 
Now  if,  in  a  solution  of  the  former  sub¬ 
stance  in  water,  we  suspend  a  piece  of 
metallic  zinc,  we  shall  have  an  example 
of  single  elective  affinity.  The  attraction 
of  vinegar  for  zinc  is  greater  than  for 
lead ;  the  acid  will  therefore  abandon  the 
lead,  which  will  resume  its  metallic  form, 
and  unite  with  the  zinc.  The  experiment 
is  very  beautiful  as  thelead  is  precipitated 
upon  the  zinc  in  an  arborescent  form. 
But  if  a  solution  of  acetate  of  lead  be 
mixed  with  a  solution  of  sulphate  of  zinc, 
the  acetic  acid  will,  as  before,  abandon 
the  lead  to  unite  with  the  zinc  ;  but  at 
the  same  moment,  the  sulphuric  acid 
will  attract  the  lead,  and  form  with  it  an 
insoluble  compound,  which  will  be  pre¬ 
cipitated  in  the  form  of  a  heavy  white 
powder.  This  compound  action  has 
been  distinguished  by  the  name  of  double 
elective  affinity.  Decompositions  which 
cannot  be  effected  by  single  elective 
affinity  may  often  be  produced  by  double 
elective  affinity. 

(§  27.)  Now  we  may  remark,  that  the 
same  quantity  of  acetic  acid  which  ori¬ 
ginally  was  combined  with  the  lead,  is 
exactly  sufficient  to  enter  into  combina¬ 
tion  with  the  zinc;  and  also  that  the 
same  quantity  of  sulphuric  acid  which 
entered  into  composition  with  the  zinc, 
exactly  suffices  for  the  lead :  none  of 
the  ingredients  are  found  in  excess,  and 
the  proportions  of  each  are  equivalent  to 
each  other  in  their  power  of  combining. 
This  observation  exemplifies  another 
fundamental  law  of  chemical  composi¬ 
tion;  namely,  that  bodies  not  only  com¬ 
bine  together  in  proportions  which  are 
fixed  with  regard  to  each  other,  in  any 
given  compound,  but  are  also  definite 
with  regard  to  every  other  substance 
with  which  they  are  capable  of  entering 
into  composition  ;  so  that  there  are  cer¬ 
tain  determinate  proportions  of  all  bodies 
which  are  equivalent  to  each  other  in 
their  pow.ers  of  combining  with  all  other 
bodies.  Thus  sugar  of  lead,  or  acetate 
of  lead,  is  a  compound  of  50  parts  of 
acetic  acid  and  112  parts  of  lead  in  the 
state  (which  will  be  hereafter  explained) 
of  an  oxide.  White  vitriol,  or  sulphate 
of  zinc,  is  composed  of  40  parts  of  sul¬ 
phuric  acid,  and  41  parts  of  zinc,  also 
in  the  state  of  oxide.  Now  these  pro¬ 
portions  are  all  equivalent  to  one  another; 
and  if  we  write  their  numbers  against 
the  different  substances  as  follows,  we 
can  at  once  perceive  the  proportions  in 
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which  they  will  unite  in  any  new  com¬ 
bination. 

Sulphuric  acid  .  .  40 

Zinc  (oxide)  ...  41 

Acetic  acid  .  ,  50 

Lead  (oxide)  .  .  .112 

Thus,  from  such  a  table  we  may  an¬ 
ticipate,  in  the  double  decomposition 
above  referred  to,  that  the  white  powder 
or  new  compound  of  sulphuric  acid,  and 
lead,  precipitated,  must  consist  of  40 
parts  of  the  former  and  112  of  the  latter ; 
and  likewise  that  the  combination  of 
zinc  and  acetic  acid,  left  in  solution, 
must  be  in  the  proportion  of  50  parts  of 
acid  and  41  parts  of  zinc:  and  this  ex¬ 
actly  agrees  wdth  the  results  of  experi¬ 
ment.  We  shall  hereafter  find  that  the 
same  equivalent  numbers,  or  their  mul¬ 
tiples,  are  preserved  in  every  possible 
combination  with  other  bodies ;  and  that 
similar  numbers  may  be  attached  to  all 
the  known  substances  of  the  chemical 
catalogue.  Moreover,  when  any  body 
is  compounded  of  two  simple  substances 
and  enters  into  combination  with  an¬ 
other  body,  the  sum  of  the  equivalents  of 
the  two  elements  will  give  the  number, 
denoting  the  proportion  in  which  it  will 
so  combine.  Having  endeavoured  to 
convey  a  general  idea  of  this  universal 
law  of  chemical  composition,  it  does  not 
enter  into  our  plan  to  pursue  the  subject 
further  in  this  place:  its  full  develop¬ 
ment  will  only  be  found  in  the  complete 
body  of  chemical  facts. 

(§  28.)  The  attraction  of  cohesion  is 
opposed  to  the  highest  degree  of  che¬ 
mical  attraction  in  the  same  way  as  to 
the  inferior  degrees.  Barilla  or  carbo¬ 
nate  of  soda  is  capable  of  acting  strongly 
upon  pounded  flint,  and  produces,  by  its 
combination  with  it,  the  well-known  sub¬ 
stance,  crown  glass  :  but  before  the  at¬ 
traction  of  cohesion  in  the  flint  is  di¬ 
minished  by  pounding,  the  chemical  af¬ 
finity  between  them  is  not  efficient. 

(§  29.)  The  minor  degree  of  affinity 
by  which  solution  is  effected  has  also  a 
strong  influence  over  the  power  of  com¬ 
position.  It  acts  chiefly  by  counter¬ 
acting  cohesion  and  repulsion,  and  thus 
bringing  the  particles  of  solids  and  aeri¬ 
form  fluids  within  the  sphere  of  mutual 
action. 

Sugar  of  lead  and  white  vitriol,  in 
their  solid  forms,  have  no  action  upon 
each  other ;  but  balance  their  powers  of 
cohesion  by  dissolving  them  in  water, 
and  the  double  elective  affinity  is  imme¬ 
diately  at  liberty  to  act  in  the  way  which 
we  have  pointed  out  (§  26.) 


(§  30.)  There  is  another  circumstance, 
mechanical  in  its  nature,  and  Ihe  in¬ 
fluence  of  which  is  somewhat  obscure, 
which  sometimes  interferes  with  che¬ 
mical  composition ;  that  is,  quantity  : 
for,  in  comparing  the  attraction  of  two 
bodies  for  a  third,  a  weaker  affinity  in 
one  of  the  two  is  found  to  be  compen¬ 
sated  by  increasing  its  quantity.  It  one 
part  of  common  salt  (which  may  be 
considered  as  composed  of  muriatic  acid 
and  soda)  be  mechanically  mixed  with 
half  its  weight  of  red  lead  (oxide  of  lead) 
and  water,  to  the  consistency  of  a  thin 
paste,  no  decomposition  of  the  salt  will 
ensue:  the  soda  has  a  stronger  attrac¬ 
tion  for  the  acid  than  the  oxide  of  lead. 
If,  however,  the  weight  of  the  red  lead 
be  increased  to  three  or  four  times  that 
of  the  salt,  after  standing  some  time,  the 
strong  taste  of  the  soda  will  be  per¬ 
ceptible  ;  proving  that  the  larger  quan¬ 
tity  of  the  oxide  has  the  power  of  de¬ 
taching  a  considerable  portion  of  mu¬ 
riatic  acid  fromthe  soda,  notwithstanding 
the  stronger  affinity. 

(§31.)  The  influence  of  temperature 
upon  the  highest  degree  of  chemical  at¬ 
traction,  is  various :  sometimes  it  favors 
its  operation  by  counteracting  the  co¬ 
hesion  of  solids  ;  sometimes  it  opposes  it 
by  increasing  the  repulsion  of  aeriform 
fluids.  An  increase  of  heat  frequently 
increases  directly  the  energy  of  affinity, 
anddetermines  combinations  which  would 
not  otherwise  take  effect ;  and  different 
degrees  of  temperature  often  produce 
opposite  effects. 

We  have  shewn  that,  by  raising  the 
temperature  of  quicksilver  or  mercury 
to  nearly  its  boiling  point,  a  combination 
is  determined  between  it  and  oxygen,  one 
of  the  mixed  gases  of  the  atmosphere  : 
if  this  compound  be  more  strongly  heated 
still,  it  will  be  decomposed,  and  oxygen 
and  the  metal  will  be  reproduced. 

If  a  spirit  lamp  be  supplied  with  ether 
instead  of  alcohol,  it  will  inflame  upon 
approaching  to  it  a  body  in  a  state  of 
inflammation  ;  but  if  instead  of  a  body 
of  so  high  a  degree  of  heat  a  coil  of 
platina  wire,  heated  to  redness,  be  laid 
upon  the  wick,  the  ether  will  still  be 
consumed,  and  the  wire  will  continue  to 
glow,  but  no  flame  will  be  produced. 
The  products  of  these  two  species  of 
combustion  will  be  totally  different,  and 
each  is  determined  by  the  degree  of 
temperature  at  first  communicated, 
and  which  is  maintained  without  va¬ 
riation,  by  the  heat  evolved  in  each 
process. 
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On  Chemical  Decomposition. 

(§  32.)  We  have  seen  how  chemical  de¬ 
composition  may  be  effected  by  elective 
affinity ,  or  the  superior  chemical  attrac¬ 
tion  of  one  of  two  combined  bodies  for  a 
third  ;  and  we  have  also  seen  that  such 
decomposition  may  be  brought  about,  in 
some  cases,  directly  by  the  agency  of 
heat.  The  agency  of  the  voltaic  pile  is 
however  the  most  general  and  effectual 
known  in  disengaging  substances  of  dif¬ 
ferent  natures  from  their  combinations 
with  each  other.  Such  a  degree  of  re¬ 
pulsion  may  be  communicated  by  means 
of  electricity,  to  the  ultimate  particles  of 
matter  of  unlike  kinds,  as  entirely  to 
counteract  the  strongest  chemical  attrac¬ 
tion  between  them ;  and  bodies  which 
resist  this  powerful  agent  of  decomposi¬ 
tion  are  deemed  simple  or  elementary.  Of 
the  cause  of  this  repulsion  we  know  no 
more  than  we  do  of  the  nature  of  attrac¬ 
tion  :  its  effect  may  be  understood  from 
the  following  experiment. 

Place  a  few  drops  of  a  saturated  so¬ 
lution  of  Glauber’s  salt  (sulphate  of  soda) 
upon  a  piece  of  paper  stained  with  the 
blue  colour  of  litmus ;  and  also  a  few 
drops  of  the  same  solution  upon  another 
piece  stained  with  the  yellow  colour  of 
turmeric:  connect  the  two  portions  of 
the  solution  by  a  few  filaments  of  moist 
cotton,  and  place  the  positive  wire  of  an 
active  voltaic  pile  in  contact  with  that  on 
the  litmus  paper,  and  the  negative  wire 
with  that  on  the  turmeric  paper.  Tn  a 
short  time  the  litmus  paper  will  exhibit 
a  bright  red,  and  the  turmeric  paper  a 
deep  brown  stain ;  the  former  being  the 
indication  of  the  presence  of  an  acid,  and 
the  latter  -of  an  alkali.  It  will  be  re¬ 
collected  that  we  have  described  (§  23) 
the  composition  of  Glauber's  salt  from 
the  action  of  affinity  between  sulphuric 
acid  and  carbonate  of  soda :  by  the  de¬ 
composing  action  of  the  pile  these  are 
again  disunited ;  and  the  soda  appears 
at  the  negative  and  the  sulphuric  acid 
at  the  positive  wire  of  the  apparatus. 
This  decomposition  may  be  effected  by 
a  comparatively  small  power  of  electric 
action  ;  and  a  pile  of  fifty  pairs  of  cop¬ 
per  and  zinc  plates  suffice  for  the  pur¬ 
pose. 

If  soda,  one  of  the  products  of  the  last 
experiment,  be  subjected  to  the  action  of 
a  more  powerful  pile,  a  further  decom¬ 
position  will  take  place ;  an  elastic  fluid, 
oxygen,  will  be  given  off  at  the  positive 
wire,  and  a  substance,  endued  with  me¬ 
tallic  lustre,  will  collect  around  the  nega¬ 
tive  wire,  This  is  the  metal  sodium :  it 


is  not  susceptible  of  further  decomposi¬ 
tion,  by  the  application  of  any  power 
with  which  we  are  acquainted ;  and  is, 
therefore,  ranked  with  the  simple  sub¬ 
stances.  When  the  action  of  the  pile  is 
discontinued,  it  again  rapidly  attracts 
oxygen  from  the  atmosphere,  and  is  re¬ 
converted  into  soda.  Sulphuric  acid, 
the  other  product  of  the  decomposition 
of  the  salt,  may  also  be  resolved  into  its 
elements  by  the  same  agency ;  in  which 
case  sulphur  will  collect  at  the  negative 
pole,  and  oxygen  be  given  off  at  the 
positive.  These  experiments  will  only 
succeed  with  a  powerful  voltaic  appa¬ 
ratus,  such  as  it  is  not  easy  to  meet 
with. 

We  shall  give  another  instance  of  de¬ 
composition,  which  may  be  produced  by 
the  moderate  electric  power  previously 
referred  to.  Let  the  two  wires  of  the 
voltaic  pile,  which  for  this  purpose  ought 
to  be  of  platinum,  be  immersed  in  a 
vessel  of  pure  water :  the  liquid  will  be 
decomposed ;  gaseous  matter  will  be 
given  off  from  each  wire,  but  of  very 
different  properties,  at  the  opposite  ex¬ 
tremities.  It  may  be  collected,  by  in¬ 
verting  glass  tubes,  closed  at  one  end, 
and  filled  with  water,  over  the  wires,  fig. 
1 .  The  elastic  fluids  will  rise  into  the 


tubes,  and  displace  the  water.  The  quan¬ 
tity  collected  over  the  negative  wire  will 
be  double  in  volume  to  that  collected 
over  the  positive  wire.  If  a  splinter  of 
lighted  wood  be  plunged  into  the  first 
(which  may  be  done  by  dextrously  in¬ 
verting  the  tube,  and  keeping  the  open 
end  closed  with  a  finger,  till  the  flame  be 
introduced),  it  will  be  instantly  extin¬ 
guished,  but  the  gas  itself  will  inflame 
at  the  surface.  If  into  the  second  a  splin¬ 
ter  of  wood,  which,  after  being  inflamed, 
has  been  extinguished,  but  still  preserves 
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a  glowing  point,  be  immersed,  it  will  be 
instantly  rekindled,  and  burn  with  great 
brilliancy ;  but  the  gas  itself  will  not 
take  fire.  To  the  former  elastic  fluid 
the  name  of  hydrogen  has  been  given  ; 
the  latter  is  oxygen.  These  two  bodies 
are  the  elements  of  water;  and,  not  being 
capable  of  further  decomposition,  in  the 
present  state  of  our  knowledge,  are 
reckoned  simple  substances  *. 

($  33.)  The  peculiar  mode  of  decom¬ 
position  arising  from  electrical  repul¬ 
sion  has  afforded  a  basis  for  an  artificial 
arrangement  of  the  simple  substances 
for  the  convenience  of  study ;  and  by  its 
means  they  are  divided  into  two  classes. 
The  first  consists  of  those  elements 
which  are  attracted  from  their  com¬ 
pounds  with  substances  of  the  other 
class,  by  the  positive  pole  of  the  voltaic 
pile ;  and  as  bodies  in  opposite  states  of 
electrical  action  attract  one  another,  they 
may  be  called  electro  negative  bodies. 

The  second  comprises  those  elements 
which  are  attracted  by  the  negative  pole 
from  similar  combinations,  and  for  the 
same  reason  may  be  distinguished  as 
electropositive  bodies.  But  this  differ¬ 
ence  of  electrical  energies  must  be  con¬ 
sidered,  in  a  great  measure,  as  compa¬ 
rative  ;  for  in  any  compound  of  two 
bodies  of  the  same  class,  for  instance  of 
the  electro  negative,  one  will  be  less  elec¬ 
tro  negative  than  the  other,  and  will  con¬ 
sequently  pass  to  the  negative  pole  in 
the  act  of  decomposition. 

The  elementary  substances  at  present 
known  do  not  amount  to  more  than  be¬ 
tween  fifty  and  sixty,  and  of  this  small 
number  is  all  the  beautiful  variety  of 
terrestrial  matter  composed !  and  what 
is  still  more  wonderful !  a  very  small 
proportion  only  of  this  small  number 
enter  into  the  composition  of  those  ob¬ 
jects  of  infinite  diversity  which  are  most 
familiar  to  our  senses ;  and  many  of 
them  are  of  such  rare  occurrence,  and  in 
the  present  state  of  our  knowledge  ap¬ 
parently  of  so  little  importance  in  the 
frame  of  creation,  that  the  sole  purpose 
of  their  formation  would  almost  appear 
to  have  been  a  display  of  that  infinite 
Power,  by  which  all  things  were  pro¬ 
duced,  for  the  admiration  and  gratifica¬ 
tion  of  the  diligent  inquirer,  and  a  sti¬ 
mulus  to  his  pursuits. 

(§  34.)  There  are  four  simple  sub¬ 
stances  which  exist  in  the  gaseous  state 
under  the  common  circumstances  of  at- 


*  Fora  further  exposition  of  this  subject,  seethe 
Treatise  on  Galvanism. 


mospheric  temperature  and  pressure; 
these  are  oxygen,  chlorine,  hydrogen, 
and  nilrogen.  The  first  two  belong  to 
the  electro  negative  class,  and  the  last 
two  to  the  electro  positive. 

Of  these  bodies,  and  of  their  combi¬ 
nations  with  each  other,  we  shall  pro¬ 
ceed  to  give  some  account ;  but  not  in 
the  order  in  which  they  stand  above,  as 
by  departing  from  it  in  this  instance,  we 
shall  have  the  advantage  of  treating, 
first,  of  the  properties  of  some  com¬ 
pounds  w'hich  are  every  where  presented 
to  our  observation  ;  instead  of  commenc¬ 
ing  with  others  which  are  of  rare  occur¬ 
rence,  not  easily  produced,  and  not  so 
perfectly  understood.  This  will  greatly 
facilitate  the  comprehension  of  the  sub¬ 
ject,  and  will  amply  compensate  for  any 
defect  of  arrangement. 

Chapter  II. 

On  the  Gaseous  Elements —  Oxijgen, 
Chlorine ,  Hydrogen,  and  Nitrogen, 
and  their  Combinations  with  each 
other. 

On  Oxygen*. — 8. 

(§  35.)  Before  we  proceed  to  shew  how 
oxygen  gas  may  be  obtained,  it  will  be 
necessary  to  premise  a  few  words  upon 
the  method  of  collecting  and  examining 
aeriform  bodies.  It  is  foreign  to  the  de¬ 
sign  of  this  treatise,  as  we  have  before 
stated,  to  enter  into  the  niceties  of  che¬ 
mical  operations,  or  to  describe  all  the 
beautiful  contrivances  which  ingenuity 
has  introduced  into  chemical  apparatus, 
for  ensuring  the  utmost  accuracy  in  de¬ 
licate  experiments.  Although  such  in¬ 
ventions  are  highly  useful,  and  even  ne¬ 
cessary,  in  carrying  on  original  investi¬ 
gations,  they  are  by  no  means  required 
for  obtaining  that  general  idea  of  the 
laws  of  chemistry  which  every  one  ought 
to  possess,  for  the  proper  understanding 
of  the  commonest  concerns  of  life,  and 
which  may  be  sufficiently  illustrated  by 
every  day  occurrences,  and  easy  experi¬ 
ments.  In  the  way  of  apparatus,  wine 
and  beer  glasses,  of  various  sizes ;  apo¬ 
thecaries’  phials ;  thin  oil  flasks,  well 
cleaned;  with  glass  and  tin  tubes  of 
various  dimensions ;  old  gun  barrels ; 
tobacco  pipes ;  an  argand  and  a  spirit 
lamp,  with  a  common  fire  and  bellows, 
offer  almost  inexhaustible  resources  to  a 


*  Derived  from  two  Greek  words  signifying;  “  tbe 
formation  of  acids,”  as  oxygen  enters  into  the  com¬ 
position  of  a  large  majority  of  the  acids,  and  was  for¬ 
merly  supposed  to  be  the  general  acidifying  principle. 
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person  endued  with  the  faculty  of  con¬ 
trivance  ;  especially  if  he  make  himself 
master  of  the  very  easy  art  of  sealing, 
bending,  and  enlarging  a  glass  tube  over 
a  lamp. 

For  the  collection  of  gases,  sparingly 
soluble  in  water,  a  white  earthenware 
foot-bath,  or  a  small  washing-tub,  (fig.  2,) 
may  be  employed.  In  this  a  shelf  should 


be  fixed,  or  a  metallic  trivet  stand,  in 
such  a  way  as  that,  when  the  bath  is 
nearly  filled  with  water,  it  may  flow  two 
or  three  inches  above  its  surface.  Glass 
jars,  bell  glasses,  tubes,  or  bottles,  may 
be  filled  with  water  by  reclining  them  in 
the  open  part,  and  may  afterwards  be 
placed  upon  the  shelf  with  their  mouths 
downwards.  A  glass,  or  metallic  tube, 


proceeding  from  the  vessel  containing 
the  substances  from  which  the  aeriform 
fluid  is  emitted,  may  then  be  laid  under 
the  edge  of  the  jar,  which,  for  this  pur¬ 
pose,  is  permitted  to  project  a  little  over 
the  shelf ;  the  gas  will  then  rise  into  it 
in  bubbles,  and  gradually  displace  the 
water.  A  gas  may  also  be  readily 
transferred  from  one  vessel  to  another, 
by  carefully  reclining  the  glass  which 
contains  it  under  the  edge  of  another 
filled  with  water,  and  projecting  over  the 
shelf;  and  they  may  likewise  be  removed 
from  the  bath,  and  transported  from  one 
place  to  another,  by  placing  them  in 
shallow  vessels  or  saucers,  and  sur¬ 
rounding  them  with  about  an  inch  of 
water.  These  operations  are  simple  and 
easy  ;  but  no  one  should  be  disappointed 
in  not  succeeding  in  their  performance, 
without  some  practice  and  perseverance. 

($36.)  We  have  seen  that  when  the 
metal  quicksilver  (or  mercury)  is  sub¬ 
mitted  for  a  considerable  time,  in  com¬ 
munication  with  the  atmosphere,  to  the 
action  of  heat  near  its  boiling  point, 
it  is  converted  into  a  brilliant  red  sub¬ 
stance,  which  was  formerly  known  to 
druggists  by  the  name  of  precipitate, 
per  se.  In  this  operation  the  mercury 
increases  its  weight  about  8  per  cent. 

The  metal  lead  exposed  to  a  strong 
heat  with  a  large  surface,  and  a  free 
access  of  air,  is  also  converted  into  a 


bright  red  substance,  commonly  known 
by  the  name  of  minium,  or  red  lead. 

Both  these  substances,  when  exposed 
to  a  red  heat,  give  out  the  oxygen,  which 
they  had  previously  attracted  from  the 
air  at  a  lower  temperature  ;  this  opera¬ 
tion  may  be  performed  in  a  retort,  or 
glass  tube,  (Jig.  3,)  sealed  at  one  end,  a 


little  extended  by  blowing  into  it,  and 
bent  at  an  angle,  the  heat  should  be 
gradually  applied.  For  the  production 
of  the  gas,  the  small,  open  end  of  the 
retort  should  be  placed  under  the  edge 
of  a  vessel  filled  with  water  in  the 
water-bath:  in  the  figure  it  is  repre¬ 
sented  as  connected  with  a  receiver  for 
the  purpose  of  distillation.  Oxygen  gas 
may,  however,  be  better  obtained  for  exa¬ 
mination  from  a  salt  known  by  the  name 
of  Chlorate  of  Potash.  This  may  be 
placed  in  a  glass  tube,  with  one  end 
closed,  and  the  other  fitted  with  a  cork, 
into  which  a  smaller  pipe  is  inserted,  bent 
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at  a  right  angle,  (fig.  4,)  and  laid  under 
the  edge  of  a  jar  filled  with  water,  on 
the  shelf  of  the  water-bath.  When 
heat  is  applied,  by  means  of  a  lamp,  to 
this  substance,  it  fuses,  and  gives  out 


the  gas  in  great  purity.  It  may  also  be 
procured  from  saltpetre,  or  a  substance 
known  by  the  name  of  black  oxide  of 
manganese,  strongly  heated  in  a  gun- 
barrel,  with  the  touch-hole  plugged  up, 
and  from  which  a  small  pipe  of  tin,  or 
other  substance,  fitted  to  it,  is  laid  under 
the  jar.  In  collecting  gases  of  any 
kind,  the  first  portions  should  be  always 
set  aside  as  impure,  as  they  are  mingled 
with  the  common  air  which  the  appa¬ 
ratus  necessarily  contains. 

Oxygen  gas  may  also  be  collected  in 
small  quantities  from  growing  vege¬ 
tables,  exposed  to  the  solar  light,  or  from 
the  green  matter  which  forms  in  stagnant 
pools,  by  immersing  them  in  a  bell  glass 
filled  with  water. 

(§  37.)  Oxygen  gas  is  colourless,  with¬ 
out  smell  or  taste,  and  may  be  breathed 
with  impunity  for  a  considerable  time  ; 
but  in  its  pure  state  is  ultimately  found 
injurious  to  animal  life.  It  is  not  dis¬ 
solved  by  water,  except  in  very  minute 
quantities.  It  is  rather  heavier  than 
atmospheric  air ;  100  cubic  inches  of  the 
latter  weighing  30.5  grains,  and  of  the 
former  about  3  grains  more  or  33.8. 

(§38.)  We  will  here  explain,  once  for 
all,  that  in  speaking  of  the  weight  of 
gases,  we  shall  always  suppose  the  baro¬ 


meter  to  stand  at  30  inches,  and  the 
thermometer  at  60°.  Those  who  wish 
to  know  how  they  are  affected  by  varia¬ 
tions  of  temperature  and  pressure,  and 
in  what  way  corrections  can  be  applied 
for  such  variations,  must  consult  the 
treatise  on  Gaseous  Chemistry,  where 
these  points  will  be  explained,  together 
with  such  minute  details  of  manipula¬ 
tion  as  it  does  not  enter  into  our  present 
purpose  to  describe. 

(§  39.)  All  combustible  bodies  burn 
in  oxygen  with  increased  splendor.  If 
the  glass  which  contains  it  be  furnished 
at  the  top  with  a  stopper,  it  will  be  easy 
to  prove  this  by  introducing  substances 
in  different  states  of  ignition.  They 
may  conveniently  be  attached  to  a  wire 
passing  through  a  cork  which  is  made 
to  replace  the  stopper  when  withdrawn. 
A  small  piece  of  wax  taper,  with  its 
flame  blown  out,  but  its  snuff  still  red 
hot,  upon  being  let  down  into  it,  will  be 
instantly  rekindled,  and  burn  with  great 
brilliancy. 

A  piece  of  charcoal  attached  to  the 
wire,  and  made  red-hot,  burns  most 
vividly,  throwing  out  beautiful 
sparks.  Fig.  5. 

If  the  wire  which  passes 
through  the  cork  be  made  to  \ 
terminate  in  a  small  spoon,  l 
(fig-  5>)  a  small  piece  of  sul-  01 
phur  or  phosphorus  may  be 
placed  in  it  and  kindled ;  they 
will  burn  in  the  gas  with  a 
splendor  which  the  eye  cannot 
bear. 

Twist  some  thin  iron  wire  into  a  spiral 
form  round  a  slender  rod,  which  must 
then  be  withdrawn  ;  let  the  end  be  dipped 
in  melted  sulphur  and  ignited ;  when  let 
down  into  the  gas,  the  iron  will  burn 
with  a  brilliant  light,  and  scintillate  like 
a  firework. 

If  such  a  glass  jar  and  stopper,  as  we 
have  described,  should  not  be  at  hand, 
these  experiments  may  be  performed  in 
a  common  bottle,  into  the  neck  of  which 
the  cork  and  wire  may  be  loosely  in¬ 
serted,  and  which  it  will  not  be  found 
difficult,  with  the  assistance  of  a  small 
funnel,  to  fill  with  gas  over  the  water- 
bath. 

The  above  are  all  instances  of  intense 
chemical  affinity,  during  the  action  of 
which  light  and  heat  are  given  off  in 
abundance.  During  the  various  pro¬ 
cesses  the  oxygen  will  disappear,  and 
the  substances  with  which  it  combines 
will  proportionally  increase  in  weight. 
It  is  not  difficult  to  prove  these  facts  in 
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a  general  manner ;  but  to  perform  the 
experiments  with  precision  requires  a 
complicated  apparatus. 

Coil  up  a  known  weight  of  iron  wire, 
and  place  it  in  the  bowl  of  a  tobacco- 
pipe,  the  pipe  of  which  is  connected 
with  a  bladder  filled  with  oxygen  gas  ; 
heat  the  wire  to  redness  in  the  fire,  and 
then  force  through  it  a  stream  of  the  gas 
from  the  bladder.  The  iron-wire  will 
burn  ;  that  is  to  say,  it  will  combine  with 
the  oxygen,  and  from  the  intensity  of 
the  action  light  and  heat  will  be  emitted. 
"When  weighed,  it  will  be  found  to  be 
considerably  heavier  than  before,  and 
1 00  grains  will  have  increased  to  about 
130. 

Oxygen  is  electro-negative  with  regard 
to  every  other  known  body,  and  is 
attracted  by  the  positive  pole  of  the 
Voltaic  pile  from  all  its  combinations, 
even  with  substances  of  its  own  class. 

On  Hydrogen*. — 1. 

(§  40.)  If,  into  a  bottle,  containing  filings 
or  turnings  of  iron,  or  zinc,  we  pour 
sulphuric  acid,  diluted  with  six  or  seven 
times  its  weight  of  water,  a  strong  action 
will  take  place,  and  a  gas  will  be  given 
off,  which  may  be  collected  in  the  manner 
before  described,  by  means  of  a  bent 
tube,  fitted  to  the  mouth  of  the  bottle 
with  a  cork.  This  is  Hydrogen  gas. 

(§41.)  It  is  colourless,  and  without 
taste ;  but,  as  commonly  prepared,  has 
a  faint  disagreeable  smell ;  which,  how¬ 
ever,  is  supposed  to  depend  upon  some 
slight  impurity.  It  is  speedily  fatal  to 
animal  life  when  taken  into  the  lungs. 
It  is  not  absorbed  by  water  except  in 
very  minute  quantities.  It  is  lighter 
than  atmospheric  air ;  and,  indeed,  the 
lightest  of  all  bodies  which  are  known 
to  possess  weight;  100  cubic  inches 
only  weigh  2. 1  grains.  If  a  bladder  be 
filled  with  it,  and  attached,  by  means  of 
a  stop-cock,  to  a  tobacco  pipe,  upon 
dipping  the  bowl  into  a  strong  lather  of 
soap,  bubbles  may  be  blown  with  it 
which  will  rise  rapidly  into  the  air ;  and 
it  is  upon  this  principle  that  it  is  used 
for  filling  air-balloons.  It  is  inflam¬ 
mable,  but  it  extinguishes  flame. 

Fill  an  inverted  stoppered  bottle  with 
the  gas,  and  close  it  with  the  stopper. 
Fix  a  small  piece  of  wax-taper  upon  a 
wire,  and  ignite  it ;  turn  the  bottle  up, 
remove  the  stopper,  and  carefully  in¬ 
troduce  the  taper.  The  gas  will  imme¬ 

*  From  two  (Jreek  words,  signifying  “  the  forma¬ 
tion  of  water,”  as  it  enters  largely  into  the  formation 
of  that  liauid, 


diately  inflame  at  the  mouth  of  the 
bottle  ;  but  the  flame  of  the  taper  im¬ 
mersed  in  the  gas  will  be  extinguished. 
Upon  withdrawing  the  taper  it  may  be 
rekindled  as  it  passes  through  the  flame 
of  the  gas,  and  again  extinguished  by 
returning  it. 

If  a  mixture  of  two  parts  of  common 
air,  and  one  of  hydrogen,  be  made  in  a 
strong  phial,  capable  of  containing  about 
four  ounces  of  water,  it  will  inflame 
upon  presenting  a  candle  to  it,  not 
silently,  as  in  the  last  experiment,  but 
suddenly,  and  with  a  loud  explosion. 
The  bottle  should  be  wrapped  round 
with  a  cloth  to  prevent  accidents,  in  case 
it  should  burst  in  the  experiment. 

(§  42.)  Oxygen  and  Hydrogen  gases 
may  be  mixed  together  in  any  propor¬ 
tions;  and  their  disposition  to  become 
equally  diffused  in  any  given  volumes, 
as  with  all  gases,  is  so  great,  that  even 
the  vast  difference  in  their  specific 
gravities  will  not  keep  them  separate. 

Fit  two  glass  phials  with  corks,  into 
which  a  glass  tube  may  be  inserted  ten 
or  twelve  inches  long,  and  about  one- 
twentienth  of  an  inch  bore.  Fill  one 
of  the  phials  with  oxygen,  and  the  other 
with  hydrogen.  Place  the  former  with 
its  mouth  upwards  upon  a  table,  and 
insert  the  cork  with  the  tube ;  fit  the 
cork  into  the  latter,  and  fix  it  upon  the 
other  end  of  the  tube  with  its  mouth 
downwards.  The  hydrogen  will  descend 
and  the  oxygen  ascend,  notwithstanding 
the  former  is  sixteen  times  lighter  than 
the  latter ;  and  if  they  be  permitted  to 
remain  two  or  three  hours  in  the  per¬ 
pendicular  position  described,  upon 
applying  a  light  to  either  phial  an  explo¬ 
sion  will  take  place. 

(§43.)  This  explosion,  which  in  the 
above  experiment  testifies  the  mixture  of 
the  two  gases,  is  produced  by  the  sudden 
exertion  of  that  higher  degree  of  affinity 
between  the  two  gases,  which  gives  rise 
to  composition,  and  which  is  brought 
into  action  by  the  high  temperature  of 
flame.  The  compound  in  this  instance 
is  water. 

The  composition  of  water  may  be  de¬ 
monstrated  by  synthesis  (which  means 
the  formation  of  any  body  from  its  ele¬ 
ments),  and  by  analysis  (the  resolution 
of  a  body  into  its  component  parts). 
Eight  parts  by  weight  of  oxygen  combine 
with  one  part  of  hydrogen  to  form 
water. 

(§  44.)  Now,  as  hydrogen  is  the  lightest 
known  body  in  nature,  and  combines  in 
the  smallest  proportion  by  weight,  with 
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the  other  simple  substances,  it  is  con¬ 
venient  to  assume  it  as  the  standard  of 
comparison  for  the  combining  propor¬ 
tions,  or  equivalent  numbers  of  all  other 
bodies ;  which,  moreover,  it  is  highly 
probable  are  simple  multiples  of  its 
number.  Hydrogen,  therefore,  thus 
standing  at  the  head  of  the  scale,  and 
being  represented  by  1 ,  the  equivalent  of 
oxygen  will  be  8,  and  that  of  water  9. 

Oxygen,  however,  is  sometimes  as¬ 
sumed  as  the  standard  of  comparison, 
and  represented  by  the  number  10,  in 
which  case  the  equivalent  for  hydrogen 
is  1.25  ;  the  result  is  of  course  the  same, 
the  proportion  of  1.25  to  1 0  being  the 
same  as  that  of  1  to  8.  The  choice  is 
one  of  convenience,  and  on  this  account 
we  prefer  the  former. 

We  shall,  in  the  course  of  this  treatise, 
attach  to  the  name  of  each  substance, 
placed  at  the  heads  of  the  sections,  its 
simple  number  upon  this  scale  of  equi¬ 
valents  ;  it  is  of  the  greatest  importance 
to  impress  them  strongly  upon  the  me¬ 
mory,  and  they  will  thus  be  perpetually 
presented  to  the  eye  in  a  prominent 
manner.  Where  the  body  is  compound, 
we  shall  also  affix  the  proportions  of  the 
elements  of  which  it  is  compound. 

($45.)  The  composition  of  elastic  fluids 
developes  a  still  more  simple  law  of 
combination  in  this  class  of  bodies,  than 
that  of  definite  weights;  it  is  that  of 
definite  volumes.  The  union  of  gases 
is  always  effected  in  simple  proportions 
of  their  volumes  ;  and  a  volume  of  one 
gas  combines  with  an  equal  volume,  or 
twice  or  three  times  the  volume  of  ano¬ 
ther  gas,  and  in  no  intermediate  pro¬ 
portion. 

On  Water. — 9,  (1  0.8  +  1  H.  1). 

(§  46.)  Oxygen  and  hydrogen  combine 
in  the  proportion  of  one  volume  of  the 
former,  to  two  of  the  latter,  to  form 
water. 

The  experiment  is  one  of  some  nicety, 
but  may  be  performed  in  the  following 
way. 

Pro  vide  a  very  strong  glass  tube,  ( fig-Ct ,) 
closed  at  one  end,  and  fitted  at  the 
other  with  a  brass  cap  and  stop-cock, 
strongly  fixed  with  cement.  Two  small 
holes  must  be  drilled  in  the  upper  part 
of  this  tube,  into  which  two  wires  must 
be  cemented,  the  points  of  which  must 
nearly  touch  one  another  on  the  inside. 
Let  a  mixture  of  very  pure  oxygen  and 
hydrogen  gases  be  very  accurately  made, 
in  the  proportions  named  above,  in  a 
jar  fitted  with  a  stop  cock,  to  which  the 


cock  of  the  tube  may  be  connected. 
Extract  the  air  from  the  tube  by  means 
of  an  exhausting  syringe,  screw  it  on  to 
the  jar,  and  upon  opening  the  cocks  a 
portion  of  the  mixture  will  rush  in. 
Again  exhaust  the  tube  to  secure  the 
extraction  of  any  remaining  air.  Replace 
it  upon  the  jar,  fill  it  again  with  the 
mixture,  and  carefhlly  close  the  stop¬ 
cocks.  Pass  an  electric  spark  through 
the  wires,  and  the  gases  in  the  tube  will 
explode.  Allow  the  tube  to  cool,  and 
upon  opening  the  cocks  a  fresh  portion 
of  the  gases  will  rush  in,  which  will  be 
equal  to  the  first  quantity,  provided  the 
mixture  has  been  accurately  made,  and 
the  common  air  perfectly  extracted. 
This  portion  may  be  again  inflamed,  and 
the  process  continued,  till  a  strong  dew 
is  seen  upon  the  interior  of  the  tube. 
This,  upon  examination,  will  be  found  to 
be  pure  water. 

If  the  mixture  be  made  in  any  other 
proportion  than  that  of  one  of  oxygen  to 
two  of  hydrogen,  the  excess  of  either  gas 


CHEMISTRY. 


15 


will  be  left,  for  they  will  combine  in  no 
other.  Those  who  have  not  the  means 
of  repeating  this  experiment,  may  con¬ 
vince  themselves  that  the  product  of  the 
combustion  of  hydrogen  gas  in  oxygen 
is  water,  by  burning  a  small  stream  of 
hydrogen  from  a  bladder,  under  a  bell- 
glass,  with  atmospheric  air.  As  the  com¬ 
bustion,  i.  e.  the  combination  of  oxygen 
and  hydrogen,  proceeds,  water  will  con¬ 
dense  upon  the  cold  surface  of  the  glass, 
and  trickle  down  its  sides. 

(§  47.)  We  have  already  adverted  to 
the  analysis  of  water  by  means  of  the 
voltaic  pile  (§  32) ;  it  is  in  perfect  ac¬ 
cordance  with  its  synthesis,  and  when 
both  these  processes  agree  in  their  re¬ 
sults,  the  demonstration  is  the  most  per¬ 
fect  of  which  chemical  philosophy  is  ca¬ 
pable.  The  hydrogen  given  off  at  the 
negative  pole  is  exactly  the  double  in 
volume  of  the  oxygen  given  off  at  the 
positive  pole. 

Water  may  also  be  decomposed,  by 
means  of  heat  and  elective  affinity,  in 
the  following  way : — Take  a  gun-barrel, 
the  breech  of  which  has  been  removed, 
and  fill  it  with  iron-wire  coiled  up.  Place 
it  across  a  common  chafing  dish,  and 
connect  to  one  end  of  it  a  small  glass 
retort  containing  some  water ;  and  to 
the  other  a  bent  tube,  opening  under  the 
shelf  of  the  water  bath.  Heat  the  barrel 
red  hot,  by  means  of  charcoal,  and  apply 
a  lamp  under  the  retort.  The  steam  of 
water,  in  passing  over  the  red  hot  iron, 
will  be  decomposed,  the  oxygen  will 
unite  with  the  iron,  and  the  hydrogen 
may  be  collected  in  the  form  of  gas. 
This  is  the  most  economical  way  of 
making  hydrogen  in  large  quantities. 
Those  who  have  an  opportunity  of  visit¬ 
ing  an  ironfoundry,  may  see  this  pro¬ 
cess  constantly  going  on ;  for  when  the 
melted  metal  is  poured  into  the  damp 
moulds,  the  water  which  they  contain  is 
decomposed,  and  the  hydrogen  which  is 
given  off  is  ignited  ;  and  generally,  from 
its  mixture  with  the  air,  produces  a 
slight  explosion. 

If  this  experiment  be  made  very  care¬ 
fully,  by  placing  the  iron-wire,  pre¬ 
viously  weighed,  in  a  glass,  or  very 
compact  earthen  tube,  Instead  of  the 
gun-barrel,  the  weight  which  the  iron 
will  have  acquired,  added  to  the  weight 
of  the  volume  of  gas  produced,  will  be 
found  exactly  to  make  up  the  weight  of 
the  water  decomposed ;  and  they  will  be 
to  one  another  in  the  proportion  of  eight 
to  one. 

(§  48.)  It  is  needless  to  dwell  upon  the 


more  obvious  properties  of  the  well- 
known  fluid  water,  which  is  so  abun¬ 
dantly  diffused  over  the  face  of  the  earth. 
The  purest  state  in  which  it  is  offered  to 
us  by  nature,  is  as  it  descends  from  the 
clouds  in  the  form  of  rain.  It  is  colour¬ 
less,  inodorous,  and  insipid ;  and  these 
negative  characters  confer  upon  it  its 
greatest  value.  To  enumerate,  its  uses 
would  be  to  transcribe  a  long  chapter 
indeed  from  the  book  of  nature,  and  is 
quite  incompatible  with  our  present 
limits.  We  must  confine  ourselves  to 
marking  a  few  of  its  characteristics  in 
the  three  states  in  which  it  is  presented 
to  our  observation,  viz.  as  a  liquid,  a 
solid,  or  ice,  and  an  aeriform  fluid,  or 
steam. 

(§  49.)  It  has  been  an  object  of  the 
greatest  importance  to  ascertain  with 
precision  the  weight  of  a  given  volume 
of  pure  water,  as  it  is  the  standard  with 
which  all  other  liquids  and  solids  are 
compared ;  as  the  weights  of  aeriform 
fluids  are  with  atmospheric  air.  More¬ 
over,  a  recent  act  of  parliament  declares 
that  the  standard  measure  of  capacity 
shall  be  the  gallon,  containing  10  lbs. 
avoirdupoise  weight  (7000  grains  =  1  lb.) 
of  distilled  water,  weighed  in  the  air  at 
the  temperature  of  62°  of  Fahrenheit's 
thermometer  ;  the  barometer  being  at  30 
inches.  The  capacity  of  this  gallon  is 
277.274  cubic  inches. 

From  the  most  careful  experiments,  it 
appears  that  a  cubic  inch  of  water,  at 
the  temperature  of  60°,  weighs  252.52 
grains,  and  consists  of  28.06  grains  of 
hydrogen,  and  224.46  grains  of  oxygen. 
The  volume  of  the  former  gas  is  1325 
cubic  inches,  and  of  the  latter  662,  making 
together  1987  cubic  inches;  so  that  the 
condensation  is  very  nearly  2000  volumes 
into  one. 

(§  50.)  The  effect  of  temperature  upon 
liquid  water  is  distinguished  by  a  pecu¬ 
liarity  of  a  very  striking  nature,  and  ex¬ 
hibits  a  departure  from  a  general  law  of 
nature,  for  a  purpose  so  obviously  wise 
and  beneficent,  as  to  afford  one  of  the 
strongest  and  most  impressive  of  those 
endless  proofs  of  design  and  omniscience 
in  the  frame  of  creation,  which  it  is  the 
most  exalted  pleasure  of  the  chemist,  no 
less  than  of  the  naturalist,  to  trace  and 
admire. 

All  liquids,  except  water,  contract  in 
volume  as  they  cool  down  to  their  points 
of  congelation  ;  but  the  point  of  greatest 
density  in  water  is  about  40°;  its  freez¬ 
ing  point  being  32°.  As  its  temperature 
deviates  from  this  point,  either  upwards 
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or  downwards,  its  density  diminishes ;  or, 
in  other  words,  its  volume  increases. 
This  peculiar  law  is  of  much  greater 
consequence  in  the  economy  of  nature, 
than  might  at  first  be  supposed.  The 
water  which  covers  so  large  a  portion  of 
the  surface  of  the  globe,  is  one  of  the 
most  efficient  means  of  equalizing  its 
temperature,  and  rendering  those  parts 
habitable,  which  would  otherwise  be 
bound  up  in  perpetual  frost,  or  scorched 
with  intolerable  heat.  The  cold  air  which 
rushes  from  the  polar  regions  progres¬ 
sively  abstracts  the  heat,  from  the  great 
natural  basins  of  water  or  lakes,  till  the 
whole  mass  is  reduced  to  40°;  but  at 
this  point,  by  a  wise  providence,  the  re¬ 
frigerating  influence  of  the  atmosphere 
becomes  nearly  null :  for  the  superficial 
stratum,  by  further  cooling,  becomes 
specifically  lighter  ;  and  instead  of  sink¬ 
ing  to  the  bottom  as  before,  and  displac¬ 
ing  the  warmer  water,  it  now  remains  at 
the  surface,  becomes  converted  into  a 
cake  of  ice,  and  preserves  the  subjacent 
water  from  the  further  influence  of  the 
cold.  If,  like  mercury,  it  continued  to 
increase  in  density  to  its  freezing  point, 
the  cold  air  would  continue  to  rob  the 
mass  of  water  of  its  heat,  till  the  whole 
sunk  to  32°,  when  it  would  immediately 
set  into  a  solid  stratum  of  ice,  and  every 
living  animal  in  it  would  perish :  and  in 
these  latitudes,  a  deep  lake  so  frozen 
would  never  again  be  liquefied. 

(§  51 .)  Water,  at  the  moment  that  it 
assumes  the  solid  form  of  ice,  expe¬ 
riences  a  sudden  expansion  of  still 
greater  amount  than  the  preceding.  Its 
bulk  is  enlarged  in  the  proportion  of 
nine  to  eight ;  and  in  the  act  of  freezing, 
if  confined,  it  is  capable  of  bursting  the 
strongest  vessels.  The  common  expe¬ 
rience  in  hard  frosts  of  the  cracking  of 
water-pipes  or  of  vessels  in  which  water 
is  suffered  to  freeze  without  room  for 
this  expansion,  bears  testimony  to  the 
fact.  In  consequence  of  its  being  speci¬ 
fically  lighter,  ice  always  swims  upon 
the  surface  of  water. 

(§  52.)  A  cubic  inch  of  water  at  40° 
is  expanded  by  heat  into  1694  inches,  or 
nearly  a  cubic  foot  of  steam,  at  the  tem¬ 
perature  of  212°;  at  which  point  its 
elasticity  is  equal  to  the  mean  elasticity 
of  the  atmosphere,  or  30  inches  of  mer¬ 
cury:  and  when  given  off  in  this  state  it 
occasions  the  phenomena  of  boiling.  The 
principal  properties  of  steam  may  be  ex¬ 
hibited  in  the  following  way.  Procure  a 
glass  tube, /o'.  7,  about  { inch  bore  and  7  or 


8  inches  in 
length,  closed 
at  one  end, 
and  a  little 
enlarged  at 
the  same  ex¬ 
tremity,  by 
blowing  into 
it  when  soft¬ 
ened  by  heat. 

Wrap  a  piece 
of  thin  wash- 
leather  round 
one  end  of  a 
rod  of  wood 
10  inches 
long,  till  it 
just  fits  into 
the  tube  and 
forms  a  pis- 
ton,which  will 
move  freely 
in  it.  Pass 
theglasstube 
through  a  per-  |S|jpj|j|jjpl| 
forated  cork, 
so  as  to  form 

an  exterior  collar  at  its  upper  end. 
Stick  a  fork  into  this  to  form  a 
handle,  by  which  it  may  be  held  over 
the  flame  of  a  lamp.  Put  a  little  water 
into  the  bottom  and  heat  it.  When 
it  boils  briskly  the  air  will  be  expelled 
by  the  steam,  and  the  piston  is  then  to 
be  introduced  a  little  way.  Plunge  the 
tube  into  cold  water,  and  the  steam  will 
be  instantly  condensed,  and  the  piston 
will  be  driven  down  by  the  pressure  of 
the  atmosphere  upon  the  vacuum  thus 
formed  under  it.  Cause  the  water  again 
to  boil,  by  holding  it  over  the  flame,  and 
the  elastic  force  of  the  steam  will  drive 
the  piston  upwards  ;  which  motions  may 
be  alternately  produced  by  repeatedly 
heating  and  cooling  the  water  in  the 
bulb  of  the  tube.  It  is  the  production 
and  sudden  annihilation  of  this  elastic 
force  which  is  the  source  of  the  pro¬ 
digious  power  of  the  steam-engine. 

Steam  is  perfectly  transparent  and  in¬ 
visible,  as  may  be  observed  when  the 
water  boils  and  the  tube  is  filled  with  it, 
or  as  it  at  first  issues  from  the  spout  of 
a  tea  kettle.  It  is  only  when  it  is  be¬ 
ginning  to  be  condensed  that  it  puts  on 
that  cloudy  appearance  which  many 
people  suppose  to  be  essential  to  if. 

(§  53.)  Put  steam  is  not  only  formed 
from  water  at  its  boiling  point,  but  rises 
slowly  and  quietly  from  it  at  all  tem¬ 
peratures,  even  below  the  freezing  point. 


CHEMISTRY. 


17 


It  is  always  found  mixed  with  the  per¬ 
manent  gases  of  the  atmosphere,  even 
in  the  driest  weather ;  as  may  be  seen 
by  the  dew  which  is  deposited  upon  cold 
bodies,  such  as  a  glass  of  water  fresh 
drawn  from  a  well  in  summer.  Its 
elasticity  at  the  freezing  point  is  equal 
to  0.200  inch  of  mercury,  and  its  force 
increases  in  a  geometrical  progression 
for  equal  increments  of  temperature. 

Oxygenized  Water. — 17. 

(2  0.16  +  1  H.  1). 

(§  54.)  It  was  long  supposed  that  there 
was  only  one  compound  of  oxygen  and 
hydrogen  ;  but  another  has  lately  been 
discovered,  in  which  hydrogen  is  united 
with  a  double  proportion  of  oxygen,  the 
numbers  being,  hydrogen  1,  oxygen  16 
or  equal  volumes  of  the  twm. 

The  only  process  at  present  known, 
by  which  it  can  be  produced,  is  difficult, 
complicated,  and  expensive :  so  much 
so,  that  it  is  doubtful  whether  it  has 
been  ever  tried  in  this  country.  We 
shall  therefore  pass  it  over,  at  present, 
and  merely  mention,  that  this  oxygen¬ 
ized  water  is  possessed  of  new  and  very 
remarkable  properties.  It  is  necessary 
to  keep  it  surrounded  by  ice ;  for  at  a 
temperature  of  58°  it  is  decomposed, 
and  oxygen  gas  is  given  off  in  abun-  . 
dance.  It  is  liquid  and  colourless,  like 
water ;  but  produces  upon  the  tongue  a 
metallic  taste.  It  attacks  the  skin  with 
rapidity,  bleaches  it,  and  occasions  a 
smarting  sensation.  By  throwing  some 
metals  into  it,  in  a  state  of  fine  division, 
such  as  silver  or  platinum,  explosions 
are  produced  without  effecting  any 
change  upon  them,  in  a  way  which  is 
not  easily  understood. 

(§  55.)  In  the  systematic  language  of 
Chemistry  (which  has  greatly  conduced, 
by  its  simplicity  and  its  ready  adaptation 
to  new  facts,  to  the  advancement  of  the 
science  ;  and  the  principles  of  which  we 
shall  endeavour  to  explain  as  we  pro¬ 
ceed),  the  combinations  of  oxygen  with 
other  bodies,  which  are  not  acid,  are 
termed  oxides :  and  if  more  than  one 
such  compound  with  the  same  body 
should  be  known,  they  are  distinguished 
as  first,  second,  or  third  oxide,  by  the 
appellations,  derived  from  the  Greek 
numerals,  of  protoxide,  deutoxide,  tnt- 
oxide,  or  the  furthest  degree  of  oxida¬ 
tion  is  denoted  by  the  term  jaeroxide. 
In  this  language,  therefore,  water  is  the 
yircdoxide  of  hydrogen  ;  and  the  com¬ 
pound  to  which  we  have  just  referred  is 
the  cfe«foxide,  or  peroxide  of  hydrogen. 


On  Nitrogen. — 14. 

(§  56.)  The  next  of  the  four  gaseous 
simple  substances,  which  we  shall  de¬ 
scribe,  is  Nitrogen  (or,  as  it  has  some¬ 
times  been  named,  Azote*).  Like  hy¬ 
drogen,  it  belongs  to  the  eleotro-positive 
class,  being  attracted  by  the  negative 
pole  of  the  Voltaic  pile. 

It  constitutes  four-fifths  of  the  atmo¬ 
sphere  of  our  globe,  and  may  most 
readily  be  obtained  for  examination  by 
removing  the  oxygen  with  which  it.  is 
mixed,  by  the  action  of  some  superior 
affinity.  The  residue  of  atmospheric 
air,  in  which  phosphorus  has  been  suf¬ 
fered  to  burn  out.'after  standing  a  little 
while  over  water,  consists  of  tolerably 
pure  nitrogen ;  or  the  oxygen  may  be 
absorbed  by  allowing  the  air  to  stand  in 
a  receiver  over  a  mixture  of  equal 
weights  of  iron  filings,  and  sulphur  made 
into  a  paste  with  water. 

($  57.)  Nitrogen  gas  is  distinguished 
by  negative  characters,  rather  than  by 
any  active  properties. 

It  is  colourless,  inodorous,  and  taste¬ 
less;  it  is  not  absorbed  by  water,  or 
only  in  very  minute  portions ;  no 
animal  can  live  in  it ;  it  is  not  inflam¬ 
mable,  and  it  instantly  extinguishes  all 
burning  bodies  introduced  into  it. 

It  is  a  little  lighter  than  atmospheric 
air,  100  cubic  inches  weighing  20.7 
grains. 

Nitrogen  with  Oxygen. 

(§58.)  Nitrogen  maybe  mixed  with 
oxygen  in  any  proportion ;  but  four 
parts  by  volume  of  the  former,  and  one 
of  the  latter,  form  a  mixture  resembling 
atmospheric  air  in  all  its  properties.  The 
atmosphere  also  contains  a  variable  pro¬ 
portion  of  vapour  of  water  as  we  have 
already  stated  (§  53),  and  very  minute 
portions  of  other  matters  which  will  be 
mentioned  hereafter :  its  essential  cha¬ 
racters  are,  however,  derived  from  these 
two  ingredients. 

The  invariable  uniformity  of  this  mix¬ 
ture  is  one  of  the  most  surprising  facts 
with  which  chemistry  has  made  us  ac¬ 
quainted.  Air  has  been  examined  in  the 
most  accurate  manner,  which  has  been 
collected,  by  means  of  a  balloon,  from  a 
height  of  nearly  22,000  feet ;  and  at  the 
level  of  the  sea ;  from  the  heart  of  the 
most  crowded  districts  of  the  most  popu¬ 
lous  towns ;  and  from  the  summit  of 
Mont  Blanc ;  from  within  the  polar 


•  From  a  Greek  expression,  signifying  •*  privation 
of  life.” 
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circle ;  and  from  the  equator ;  and  no 
difference  has  been  discovered  in  its 
proportions.  The  active  properties  of 
atmospheric  air  are  all  referable  to  the 
oxygen  which  it  contains,  and  are  those 
of  that  body  diluted.  Without  oxygen 
no  animal  could  live — in  pure  oxygen 
they  would  live,  if  the  expression  may 
be  allowed,  too  rapidly,  as  a  candle 
would  burn  with  too  great  intensity. 
All  the  vital  functions  would  be  in¬ 
creased  to  a  morbid  excess.  Many  ex¬ 
periments  have  been  tried  upon  the  sub¬ 
ject,  but  no  gas,  or  mixture  of  gases,  has 
ever  been  discovered  which  can  support 
life  in  the  same  uniform  manner  as  the 
mixture  which  has  been  so  admirably 
adapted  to  the  purpose,  and  so  wonder¬ 
fully  preserved  from  change.  All  the 
common  processes  of  combustion  are  the 
result  of  the  affinity  of  the  oxygen  of 
the  atmosphere  for  the  bodies  which 
burn  in  it,  and  in  all  it  is  consumed ; 
but  notwithstanding  the  enormous  con¬ 
sumption,  from  this  and  other  causes,  it 
is  perpetually  renewed,  and  its  propor¬ 
tion  maintained,  by  an  adaptation  of 
means  to  the  end  so  nicely  adjusted,  as 
to  form  one  of  the  greatest  wonders 
where  all  is  admirable. 

(§59.)  There  are  no  known  means  of 
making  nitrogen  and  oxygen  combine 
directly  in  a  more  intimate  manner ;  and 
this  is  probably  one  provision  for  the 
ermanence  and  salubrity  of  the  air  we 
reathe ;  as  such  compounds  otherwise 
obtained  are  all  noxious,  and  most  of 
them  corrosive  and  poisonous.  Indica¬ 
tions  of  such  a  direct  union  have,  in¬ 
deed,  been  obtained  by  passing  strong 
electric  sparks  through  portions  of 
common  air,  but  it  was  effected  with 
great  labour  and  perseverance. 

Five  distinct  compounds  may,  how¬ 
ever,  be  produced  by  other  means  ;  and 
they  admirably  illustrate  the  change  of 
properties  conferred  by  composition  in 
different,  but  multiple  proportions.  The 
first  two  belong  to  the  class  of  oxides, 
not  having  any  acid  properties ;  and  they 
may  be  called  the  protoxide  and  the 
deutoxide  of  nitrogen.  The  three  last 
are  acids. 

(§  60.)  Now  when  a  substance  forms 
more  than  one  acid  combination  with 
oxygen  in  different  proportions,  the 
chemical  nomenclature  distinguishes 
them  as  follows : — 

The  highest  degree  of  oxygenation  is 
marked  by  its  name  terminating  in  ic, 
as  the  nitric  acid  ;  that  of  the  next  degree 
is  made  to  terminate-  in  ous,  as  the 


nitrows  acid  ;  and  should  there  be  an 
acid  of  a  degree  still  lower,  the  Greek 
preposition  hypo  (under)  is  prefixed,  to 
denote  an  under  proportion  of  oxygen, 
as  the  Ayponitrous  acid. 

Protoxide  of  Nitrogen. — 22 
(1  N.  14+1  0.8). 

(§  61.)  The  protoxide  of  nitrogen  (or  as 
it  is  sometimes  called  nitrows  oxide)  is 
best  obtained  by  fusing  a  salt  called 
Nitrate  of  Ammonia  in  a  retort  over  an 
argand  lamp.  This  salt  is  not  always 
to  be  obtained,  but  is  very  easily  formed 
by  dissolving  Carbonate  of  Ammonia 
(of  which  the  common  smelling  salts  are 
made)  in  nitric  acid  (aquafortis)  diluted 
with  five  or  six  parts  of  water.  The 
solution  is  to  be  evaporated,  till  a  drop 
of  it,  taken  out  upon  a  glass  rod,  con¬ 
cretes  on  cooling. 

When  the  salt  is  liquefied,  it  should  be 
cautiously  kept  simmering  by  a  gentle 
heat ;  the  gas  is  given  off,  and  may  be 
collected  over  water;  but  as  it  is  ab¬ 
sorbed  by  this  fluid  in  a  considerable 
proportion,  the  tube  through  which  it 
passes  into  the  jar  should  be  conducted 
to  its  top,/g.  8,  that  it  may  not  have  to 
pass  the  whole  column. 


(§  62.)  The  protoxide  of  nitrogen  is  a 
colourless,  elastic  fluid,  considerably 
heavier  than  common  air,  100  cubic 
inches  weighing  46.5  grains.  It  has  a 
sweetish  taste,  and  faint  agreeable  smell. 
Water  dissolves  about  its  own  bulk  of 
this  gas.  Animals,  when  wholly  confined 
in  it,  die  very  speedily :  it  may,  however, 
be  breathed  for  a  short  time  with  impu¬ 
nity  ;  and  it  has  been  found  to  produce 
a  most  extraordinary  excitement  in  the 
human  frame.  The  experiment  may  be 
tried,  by  filling  a  clean  bladder  with  it, 
and  inhaling  it  repeatedly  through  a 
pipe  attached  to  a  stop-cock.  Care 
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should  be  taken  that  the  gas  is  very 
pure.  The  sensations  which  it  produces 
have  been  variously  described  by  dif¬ 
ferent  people,  but  all  have  agreed  that 
they  are  very  agreeable,  and  much  re¬ 
semble  the  exhilaration  produced  by  spi¬ 
rituous  liquors.  It  has  mostly  occa¬ 
sioned  an  irresistible  propensity  to  laugh¬ 
ter  and  muscular  exertion,  not  followed 
by  that  depression  and  sense  of  lassitude 
which  generally  succeed  excitement  from 
fermented  liquors. 

This  gas  does  not  change  the  colour 
of  blue  vegetable  infusions,  and,  there¬ 
fore,  is  not  acid. 

Many  substances,  when  introduced 
into  it  in  a  state  of  inflammation,  burn 
with  great  splendour,  from  their  superior 
affinity  for  the  oxygen,  with  which  they 
combine,  setting  nitrogen  free.  The 
glowing  wick  of  an  extinguished  taper  is 
immediately  kindled  by  it  into  flame. 

Iron-wire,  and  red-hot  charcoal,  burn 
in  it,  with  nearly  the  same  splendour  as 
in  oxygen  gas,  but  for  a  shorter  time. 

Phosphorus  introduced  into  it,  in  a 
state  of  active  inflammation,  burns  with 
great  violence,  almost  approaching  to 
explosion. 

When  mixed  with  hydrogen,  it  will 
detonate  either  by  the  application  of 
flame,  or  of  an  electric  spark. 

(§  63.)  Two  volumes  of  the  protoxide 
require  two  volumes  of  hydrogen  for 
their  complete  decomposition,  and  the 
residue  is  two  volumes  of  nitrogen.  The 
experiment  may  be  tried  in  the  apparatus 
previously  described  for  the  detonation  of 
mixtures  of  oxygen  and  hydrogen ,_/?§•.  6. 

Now,  as  two  volumes  of  hydrogen  are 
equivalent  to  -  the  saturation  of  one 
volume  of  oxygen,  we  infer  that  the  pro¬ 
toxide  of  nitrogen  is  composed  of  two 
volumes  of  nitrogen. and  one  of  oxygen, 
condensed  into  two  volumes ;  and  the 
specific  gravity  of  the  gas  confirms  this 
influence,  for  the  weight  of 
100  cubic  inches  of  nitrogen  is 

29.7  gas  (§  57) 
and  of  50  oxygen  .  16.8  (§  37) 

making  the  weight  of  1 00 

cubic  inches  of  prot¬ 
oxide  -  -  46-5 

as  before  stated  from  experiment. 

(§  64.)  The  equivalent  number  of  ni¬ 
trogen  is  also  deduced  from  the  same 
data  for 

16.8  :  29.7  : :  8  : 14, 

that  is  to  say,  the  number  for  oxygen 
being  denoted  by  8,  that  of  nitrogen 
must  be  14  ;  these  two  numbers  being  in 
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the  same  proportion  (allowing  for  the 
unavoidable  inaccuracies  of  delicate  ex¬ 
periments)  as  16.8  to  29.7,  the  combi¬ 
ning  weights  in  the  above  experiment. 

This  is  an  example  of  the  mode  of 
reasoning,  by  which  the  composition  of 
a  body  may  be  deduced  from  the  results 
of  analysis ;  which,  as  the  protoxide  of 
nitrogen  cannot  be  formed  by  the  direct 
union  of  its  elements,  is  the  only  means 
of  ascertaining  it  in  the  instance  before 
us.  The  method  is  unobjectionable,  but 
the  proof  not  so  satisfactory  as  when  we 
are  able  to  confirm  it  by  synthesis.  When 
the  two  methods  concur,  the  conclusion, 
which  rests  upon  them,  has  all  the  cer¬ 
tainty  of  a  mathematical  demonstration. 

Deutoxide  of  Nitrogen. — 30. 

(1  N.  14  +  2  O.  16.) 

(§  65.)  The  deutoxide  of  nitrogen  (or,  as 
it  is  sometimes  denominated,  nitric  oxide) 
may  be  obtained  from  the  action  of 
nitric  acid  (aquafortis)  upon  copper. 
The  metal  may  be  put  into  a  retort,  and 
the  acid  poured  upon  it,  when  a  brisk 
effervescence  will  take  place,  and  the  gas 
may  be  collected  in  a  jar  in  the  water- 
bath. 

(§  66.)  It  is  a  permanent  elastic  fluid, 
very  sparingly  soluble  in  water,  and  does 
not,  when  pure,  act  upon  blue  vegetable 
colours.  It  is  wholly  irrespirable.  The 
flame  of  most  bodies,  as  of  a  taper  or 
sulphur,  is  instantly  extinguished,  by 
being  immersed  in  it ;  but  it  parts  with 
its  oxygen  to  charcoal  and  phosphorus, 
if  introduced  in  a  state  of  vivid  inflam¬ 
mation,  and  they  burn  in  it  with  in¬ 
creased  energy.  It  does  not  explode, 
when  mixed  with  hydrogen  in  any  pro¬ 
portion  ;  but  it  colours  its  flame  green, 
if  burnt  with  it  in  the  common  air. 

It  is  but  little  heavier  than  atmospheric 
air,  100  cubic  inches  weighing  31.7 
grains.  When  mixed  with  oxygen  gas, 
deep  red  fumes  are  generated ;  and  if 
the  experiment  be  made  over  water,  a 
great  absorption  will  ensue  ;  and  when 
the  gases  are  perfectly  pure,  and  mixed 
in  the  proper  proportions,  they  entirely 
disappear.  The  same  appearance  takes 
place  with  atmospheric  air,  and  the  di¬ 
minution  upon  mixture  is  proportionate 
to  the  quantity  of  oxygen  which  it  con¬ 
tains.  From  this  property  of  condens¬ 
ing  oxygen,  and  no  other  gas,  it  has  been 
much  used  in  eudiometry,  or  for  measur¬ 
ing  the  purity  of  atmospheric  air,  which 
was  formerly  supposed  to  depend  upon  a 
varying  proportion  of  that  gas. 

In  this  process  an  acid  is  formed,  as 

C  2 
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may  be  proved  by  the  following  experi¬ 
ment.  Paste  a  slip  of  paper,  stained 
with  litmus,  within  a  glass  jar ;  and  into 
the  jar,  filled  with,  and  inverted  over 
water,  admit  as  much  Deutoxide  of  Ni¬ 
trogen,  well  washed  by  agitation  with 
water,  as  will  displace  the  water  below 
the  level  of  the  paper.  The  blue  colour 
will  remain  unchanged ;  but  on  admit¬ 
ting  common  air,  or  oxygen,  it  will  be 
immediately  reddened. 

It  may  be  decomposed  by  suffering  it 
to  stand  over  iron  filings,  which  abstract 
a  portion  of  its  oxygen,  and  convert  it 
into  protoxide  of  nitrogen. 

(§  67.)  Tts  composition  has  been  accu¬ 
rately  ascertained  by  burning  charcoal 
in  it,  which  combines  with  the  whole  of 
its  oxygen,  amounting  to  half  its  volume, 
and  leaves  nitrogen  to  the  amount  of  the 
other  half.  Hence  we  infer  that  it  is 
composed  of  equal  volumes  of  the  two 
gases  uncondensed ;  and  that  the  volume 
of  oxygen  is  exactly  the  double  of  that  in 
the  preceding  compound.  This  result 
agrees  exactly  with  its  weight,  for 

Grains. 

50  cubic  inches  of  oxygen 
weigh  .  .16.8  ($  37.) 

50  cubic  inches  of  nitrogen 
weigh  .  .  .  14.9  (§  57.) 


making  together  .  31.7 

the  weight  of  100  cubic  inches  of  the 
deutoxide  as  before  stated  from  expe¬ 
riment. 

Its  composition,  therefore,  upon  the 
scale  of  equivalents  is, 

1  equivalent  of  nitrogen  .  .  14 

2  ditto  of  oxygen  ...  16 
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Hyponitrous  Acid. — 38. 

(1  N.14+3  0.24  ) 

68.)  The  next  combination,  in  order, 
of  nitrogen  with  oxygen,  the  hyponitrous 
acid,  is  rather  hypothetical  (conjectural), 
inasmuch  as  it  never  has  been  exhibited 
in  a  detached  form. 

For  its  production,  a  mixture  of  deut¬ 
oxide  of  nitrogen  and  oxygen  must  be 
made  over  mercury,  instead  of  water, 
upon  the  surface  of  which  a  little  solution 
of  potash  must  float.  The  proportions 
must  be  4  volumes  of  the  former,  and  1 
of  the  latter.  They  combine  together 
under  these  circumstances,  and  form  an 
acid  which  immediately  unites  with  the 
potash,  but  which  cannot  afterwards  be 
separated  from  it  without  undergoing 


decomposition.  It  will  not  be  necessary 
to  say  more  upon  this  compound,  and 
we  only  notice  it  as  forming  a  link  be¬ 
tween  the  last  and  the  next  compound. 
We  have  seen  that  4  volumes  of  the 
deutoxide  are  composed  of 

2  volumes  of  nitrogen 
2  volumes  of  oxygen, 
and  the  additional  volume  makes  3  vo¬ 
lumes  of  oxygen  to  2  of  nitrogen  in  the 
composition  of  hyponitrous  acid,  or  in 
numbers, 

1  proportion  of  nitrogen  .  1 4 

3  ditto  of  oxygen  .  .  24 

38 

Nitrous  Acid.— 46.  1  N.  14  +  4  O.  32.) 
(§  69.)  The  next  compound  is  the  nitrous 
acid,  which  may  also  be  produced  by 
adding  oxygen  to  the  deutoxide  of  nitro¬ 
gen.  The  experiment  will  not  succeed 
over  water  or  mercury,  but  may  be  con¬ 
ducted  in  a  glass  retort,  fitted  with  a 
stop-cock,  from  which  the  air  has  been 
extracted  by  an  exhausting  syringe.  In 
this  way  a  mixture  may  be  made  of  2 
measures  of  the  deutoxide,  and  1 
measure  of  oxygen,  which  will  be  con¬ 
densed  into  half  their  volume,  and  form 
a  deep  orange-coloured  gas :  2  volumes 
of  the  deutoxide  are  composed,  as  we 
have  seen, 

1  volume  of  nitrogen,  and 

1  volume  of  oxygen, 
and  1  volume  of  oxygen  now  added, 
form  2  volumes  of  oxygen  to  1  of  nitro¬ 
gen  in  the  composition  of  nitrous  acid, 
or  in  numbers, 

1  equivalent  of  nitrogen  .  14 

4  ditto  of  oxygen  .  .  32 

equivalent  of  nitrous  acid  46 

(J  70.)  A  taper  will  burn  in  this  gas, 
and  phosphorus  most  vividly.  Char¬ 
coal  also  burns  in  it  with  a  dull  red 
light. 

Water  dissolves  it,  and  acquires  a 
green  tint,  which  changes  to  blue,  and 
finally  to  yellow,  as  more  of  the  gas  is 
absorbed.  The  solution  is  sour,  red¬ 
dens  litmus  paper,  and  stains  animal  sub¬ 
stances  yellow.  It  has  been  called  liquid 
nitrous  acid ;  but  with  regard  to  this 
solution,  there  is  some  ambiguity  to 
which  we  shall  hereafter  again  refer. 

No  practically  useful  application  has 
been  made  of  any  of  these  compounds. 

Nitric  Acid. — 54.  (1  N.  14  +  5  0. 40.1 

(§  71.)  We  have  already  mentioned  that 
by  laboriously  passing  electric  sparks, 
from  a  powerful  machine,  through  a 
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mixture  of  oxygen  and  nitrogen,  some 
indications  are  obtained  of  an  union 
between  the  two  gases :  the  product  is 
a  small  quantity  of  nitric  acid. 

This  acid  may  readily  be  produced  by 
passing  the  deutoxide  of  nitrogen  very 
slowly  into  oxygen  gas,  standing  over 
water.  By  this  operation,  four  volumes 
of  the  former  combine  with  three  of  the 
latter;  and  the  compound,  therefore, 
must  consist  of  2  volumes  nitrogen, 
and  5  volumes  oxygen,  or  by  weight  of 

1  equivalent  of  nitrogen  .  14 

5  ditto  of  oxygen  .  .  40 

making  the  equivalent  of  nitric 
acid  .  '.  .  .  54 

The  acid  as  it  is  formed  is  absorbed 
by  the  water,  and  it  is  very  doubtful 
whether  it  can  be  exhibited  in  an  in¬ 
sulated  state. 

(}  72.)  The  liquid  nitric  acid  is  of 
very  great  importance  in  the  arts,  and 
is  used  in  large  quantities.  It  is  pro¬ 
cured,  for  commerce,  by  distilling  nitre 
with  strong  sulphuric  acid  :  the  product 
is  an  intensely  acid  liquid,  which,  when 
pure,  is  colourless,  and  when  most  con¬ 
centrated  has  a  specific  gravity  of  1.5  ; 
that  is  to  say,  it  is  by  half  heavier  than 
water.  In  this  state  it  contains  25  per 
cent,  of  water ;  which  is  the  least  quan¬ 
tity  with  which  it  is  known  to  exist,  and 
is  therefore  a  definite  compound  ol 

1  equivalent  nitric  acid  ...  54 

2  ditto  of  water  (9x2)  .  .  18 

72 

which  are  in  the  same  proportion  to  each 
other  as  75  :  25.  And  we  have  before 
shewn  (§  44),  in  speaking  of  the  union 
of  oxygen  with  hydrogen,  that  the  equi¬ 
valent  of  water  is  9. 

In  this  state  it  is  called  hydro- nitric 
acid  (from  a  Greek  word,  signifying 
water)  to  denote  this  combination.  In 
entering  into  other  compounds,  it  aban¬ 
dons  the  water  and  combines  in  the  dry, 
or,  as  it  is  termed,  the  anhydrous  state. 

It  may  be  mixed  with  water  in  any 
proportions  beyond  the  25  per  cent. 

(§  73.)  The  nitric  acid  is  a  highly  cor¬ 
rosive  fluid,  and  acts  as  a  powerful  cau¬ 
tery  when  applied  to  the  skin,  which  it 
stains  of  a  permanent  yellow.  It  is  de¬ 
composed,  with  great  violence,  by  most 
substances  which  have  an  affinity  for 
oxygen  ;  which  element  enters  so  largely 
into  its  composition.  If  it  be  brought 
into  contact  with  hydrogen,  at  a  high 
temperature,  a  violent  detonation  will 
be  the  consequence ;  but  the  experiment 
is  dangerous,  and  should  not  be  made 


without  great  caution.  When  poured 
upon  warm,  dry  charcoal  in  powder, 
combustion  ensues,  with  the  emission 
of  copious  fumes  of  deutoxide  of  nitro¬ 
gen.  Spirits  of  turpentine  may  be  in¬ 
flamed  by  suddenly  pouring  nitric  acid 
upon  it :  the  acid  should  be  poured  out 
of  a  phial  attached  to  a  long  stick,  or 
there  would  be  danger  to  the  eyes  of  the 
operator 

(§  74.)  In  reviewing  these  various  com¬ 
pounds  of  oxygen  and  nitrogen,  the  mind 
cannot  but  be  impressed  with  the  wonder¬ 
ful  nature  of  that  species  of  attraction 
which,  by  such  apparently  simple  means, 
as  mere  variation  of  proportions  and  ap¬ 
proximation  of  particles  of  two  bodies, 
can  confer  such  essentially  different  pro¬ 
perties  upon  matter !  In  the  atmosphere 
by  which  we  are  surrounded,  we  are 
presented  with  an  active  principle,  es¬ 
sential  to  the  existence  of  life,  but  inju¬ 
rious  in  its  pure  state,  diluted  by  mea¬ 
sure  and  weight,  with  an  inert  fluid  to 
the  exact  proportion  which  is  most  be¬ 
neficial  to  animal  existence.  It  is  per¬ 
petually  consumed  and  perpetually  re¬ 
newed  ;  but  never  exceeds  or  falls  short 
of  its  determined  quantity.  This  bland, 
tasteless,  inodorous,  invisible  mixture, 
in  which  we  are  perpetually  immersed, 
and  upon  the  maintenance  of  which  our 
existence  depends,  by  the  mere  approxi¬ 
mation  of'its  particles,  in  a  manner  to 
us  mysterious,  is  capable  of  being  con¬ 
verted  into  a  poisonous,  corrosive,  suf¬ 
focating  red  vapour,  which  would  in¬ 
stantly  destroy  all  organized  matter.  By 
approximating  in  other  proportions,  an  in¬ 
toxicating  deleterious  atmosphere  would 
be  produced  ;  or  compounds  with  other 
properties,  but  all  destructive  of  life. 
Such  affinities,  it  is  clear,  exist ;  but  are 
happily  restrained  by  the  Great  Legis¬ 
lator  who  framed  the  laws  of  nature. 

Nitrogen  with  Hydrogen. 
Ammonia. — 17.  (1  N.  14  +3  H.  3). 

(§  75.)  We  come  now  to  examine  the 
affinity  between  nitrogen  and  hydrogen. 
These  two  gases  may  be  mixed,  in  any 
proportions;  but  there  are  no  means 
known  of  causing  them  to  unite  directly 
in  a  more  intimate  manner.  Such  a  com¬ 
pound  may,  however,  be  obtained  indi¬ 
rectly.  There  is  a  saline  body,  well 
known  in  the  arts  by  the  name  of  sa .- 
ammoniac :  if  some  of  this  salt  be  finely 
pounded,  and  mixed  with  an  equal 
quantity  of  unslaked  quick  lime,  in 
powder,  and  introduced  into  a  tube  or 
retort,  upon  the  application  of  a  gentle 
heat,  it  will  give  out  an  extremely  pun- 
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gent  smell,  well  known  as  arising  from 
spirits  of  hartshorn.  This  proceeds 
from  the  evolution  of  a  gas,  which  is 
rapidly  absorbed  by  water,  and  there¬ 
fore  cannot  be  collected,  as  the  gases  we 
have  hitherto  treated  of,  over  that  liquid. 
It  may,  however,  be  obtained  in  jars 
filled  with  mercury,  in  a  similar  way  to 
the  water  bath  ;  and  various  forms  of 
apparatus  have  been  contrived  to  facili¬ 
tate  the  operation  in  this  and  similar 
instances,  and  to  economise  the  mer¬ 
cury,  which  is  an  expensive  article.  Its 
principal  properties  may,  however,  be 
exhibited  by  collecting  it  in  a  prepared 
bladder,  made  thin  by  scraping,  and 
furnished  with  a  stop-cock,  which  may 
be  attached  to  the  mouth  of  the  retort 
containing  the  above  mixture.  It  will  be¬ 
come  inflated  as  the  gas  is  given  off;  and 
it  may  be  preserved  for  a  short  time  by 
closing  the  cock  and  detaching  the  glass. 
This  elastic  fluid  is  called  ammonia. 

(§  76.)  An  animal  plunged  into  it  im¬ 
mediately  dies,  and  the  flame  of  burning 
bodies  is  extinguished  by  it.  The  flame 
of  a  taper  becomes  enlarged,  with  a  kind 
of  yellow  halo  before  it  goes  out,  shew¬ 
ing  an  inclination  of  the  gas  itself  to 
burn ;  and  if  a  small  jet  of  it  be  intro¬ 
duced  into  a  jar  of  oxygen,  it  may  be  in¬ 
flamed — the  product  of  the  combustion 
being  water  and  nitrogen. 

It  is  very  much  lighter  than  common 
air,  100  cubic  inches  only  weighing  18.05 
grains. 

It' changes  the  blue  colour  of  vegeta¬ 
bles  to  green,  and  yellows  to  brown  ; 
but  not  permanently,  for  as  the  gas 
escapes  the  original  colour  returns. 

(§77.)  Ammonia  maybe  resolved  into 
nitrogen  and  hydrogen  gases,  by  passing 
it  through  a  red  hot  tube;  and  more 
rapidly,  if  the  heated  surface  over  which 
it  is  driven  be  increased  by  iron-wire 
coiled  up  in  the  tube.  The  experiment 
may  be  made  in  the  apparatus  before 
described,  (§  47,)  by  filling  a  bladder  with 
the  gas,  expelling  it  through  the  heated 
tube  by  pressure,  and  receiving  the  ni¬ 
trogen  and  hydrogen  in  a  jar  upon  the 
water-bath.  A  mixture  of  ammonia  and 
oxygen  may  be  inflamed  by  the  electric 
spark,  just  as  a  mixture  of  oxygen  and 
hydrogen.  The  mere  passing  electric 
sparks  through  it  also  effects  its  decom¬ 
position.  By  this  process  its  bulk  is 
gradually  enlarged,  and  when  two  or 
three  hundred  discharges  have  passed 
through  a  cubic  inch  of  it,  it  will  be 
found  to  have  doubled  its  volume. 

Two  volumes  of  ammonia  produce,  by 
their  decomposition,  4  volumes ;  con¬ 


sisting  of  3  volumes  of  hydrogen,  and 
1  volume  of  nitrogen. 

Now,  150  cubic  inches 
of  hydrogen  weigh  .  3.15grs.  (§41) 
and  50  ditto  nitrogen  .  14.9  grs.(§  57) 


Together  18.05 

which,  as  2  volumes  are  condensed 
into  1,  will  be  the  weight  of  100  cubic 
inches  of  ammonia,  and  agrees  with  the 
direct  experiment.  Its  constitution,  there¬ 
fore,  by  weight  is — 

One  equivalent  or  nitrogen  .  14 

Three  ditto  hydrogen  .  .  3 

and  its  equivalent  .  .17 

(§  78.)  The  solution  of  ammonia  in 
water  is  commonly  known  by  the  name 
of  liquid  ammonia ;  but  incorrectly,  as 
the  pure  gas  is  capable  of  assuming  the 
liquid  form  under  high  pressure,  equal 
to  that  of  6|  atmospheres,  or  195  inches 
of  mercury. 

The  aqueous  solution  of  ammonia, 
which  is  an  article  of  great  importance 
and  extensive  use,  may  be  prepared  by 
passing  the  gas,  as  it  is  formed,  directly 
into  water,  which,  at  the  temperature  of 
50°,  will  take  up  670  times  its  volume ; 
its  bulk  is  thereby  increased,  and  its 
specific  gravity  diminished :  that  of  a  sa¬ 
turated  solution  is  .875,  water  being 
1000. 

The  solution  may  be  more  conve¬ 
niently  prepared  by  the  following  pro¬ 
cess  : — 'On  9  ounces  of  well-burnt  lime 
pour  half  a  pint  of  pure  water ;  and 
when  it  has  remained  in  a  well-closed 
vessel  about  an  hour,  add  1 2  ounces  of 
sal  ammoniac  in  powder,  and  three  pints 
and  a  half  of  boiling  water.  When  the 
mixture  has  cooled,  pour  off  the  clear 
portion,  and  distil  from  a  retort  20  fluid 
ounces.  The  specific  gravity  of  this  so¬ 
lution  is  .954. 

It  possesses  the  peculiar  pungent 
smell,  taste,  and  alkaline  properties  of 
the  gas  itself,  and  has  the  same  action 
upon  vegetable  colours. 

•  (§  79.)  We  have  thus  arrived  at  the 
knowledge  of  two  principal  compounds 
of  nitrogen,  of  the  directly  opposite  qua¬ 
lities  which  characterize  two  great  classes 
of  bodies  called  acids  and  alkalies.  The 
first,  with  5  proportions  of  oxygen,  con¬ 
stituting  the  nitric  acid,  intensely  sour, 
corrosive,  and  turning  the  blue  colour  of 
vegetables  red  ;  the  second,  with  3  pro¬ 
portions  of  hydrogen,  producing  the  vo¬ 
latile  alkali  or  ammonia,  hot,  bitter, 
caustic,  converting  vegetable  blues  to 
green,  and  yellows  to  brown. 

It  will,  we  conceive,  greatly  facilitate 
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the  comprehension  of  the  subjects  of  1  equivalent  ammo- rl  equ.  nitrogen,  14 
and  definite  proportion,  if  we  nia,  17  (3  do.  hydrogen,  3 


stop  to  illustrate  them,  by  considering 
the  further  combination  of  these  two 
bodies  together;  although  it  does  not 
enter  into  our  general  plan  to  examine 
the  properties  of  bodies  of  this  class,  till 
we  have  completed  the  list  of  simple 
substances,  and  their  binary  compounds. 

(§  80.)  By  carefully  dropping  a  solu¬ 
tion  of  ammonia  into  diluted  nitric  acid, 
they  will  neutralize  each  other ;  and  the 
exact  point  of  saturation  may  be  ascer¬ 
tained,  by  dipping  into  the  solution,  from 
time  to  time,  small  slips  of  paper  stained 
with  litmus  and  turmeric :  when  these 
colours  are  no  longer  affected,  the  neu¬ 
tralization  is  complete.  The  solution 
will  now  be  neither  acid,  corrosive,  al¬ 
kaline,  nor  caustic  ;  but  its  taste  will  be 
saline  and  bitter.  If  the  liquor  be  care¬ 
fully  evaporated  at  a  temperature  not 
exceeding  1 00°,  it  will  shoot,  on  cooling, 
into  prismatic  crystals.  The  salt  so  pro¬ 
duced  is  called  nitrate  of  ammonia,  and 
is  a  definite  compound  of  nitric  acid, 
ammonia,  and  water.  Its  proportions 
have  been  very  carefully  ascertained  to 
be  in  100  parts, 

acid  .  67.63 
alkali  .  21.14 
water  .  11.23 


100 

which  are  in  proportion  to  each  other  as 
1  equivalent  nitric  acid  .  54  (§  71.) 

1  ditto  ammonia.  17  (§  77.) 

1  ditto  water  .  9  (§  44.) 

the  numbers  for  which  were  formerly 
obtained  from  the  direct  combination  of 
the  elements^of  each. 

(§  81.)  Water  thus  combined  with  a 
salt  is  called  its  water  of  crystallization  .- 
it  is  essential  to  its  existence  in  the  crys¬ 
talline  state,  but  may  be  generally  ex¬ 
pelled  by  heat,  leaving  the  anhydrous 
salt  in  an  amorphous  (or  shapeless) 
state,  but  with  all  its  properties  un¬ 
changed. 

This  it  is  difficult  to  effect  in  the  pre¬ 
sent  instance,  as  the  salt  is  very  easily 
decomposed  by  heat,  and  at  a  tempera¬ 
ture  of  600  explodes,  being  wholly  re¬ 
solved  into  its  elements. 

(§  82.)  The  results  of  its  decomposi¬ 
tion  at  a  lower  temperature  we  have 
already  shewn  (§61),  in  describing  the 
formation  of  the  protoxide  of  nitrogen  ; 
and  this  process  may  now  be  understood. 

Nitrate  of  ammonia,  which  is  melted 
at  a  gentle  heat,  is  composed  of 
1  equivalent  nitric  (1  equ.  nitrogen,  14 
acid,  54  (5  do.  oxygen,  40 


or,  in  other  words,  the  salt  is  composed 
of 

2  equivalents  nitrogen  ...  28 

3  do.  hydrogen  ...  3 

5  do.  oxygen  .  .  .40 

In  this  decomposition  the  3  proportions 
of  hydrogen  take  3  of  oxygen,  and  form 
water ;  and  the  remaining  2  proportions 
of  oxygen  combine  with  the  2  of  ni¬ 
trogen,  and  produce  the  protoxide  of 
nitrogen:  and  these  are  the  only  pro¬ 
ducts. 

It  is  almost  impossible  for  the  least 
contemplative  mind  not  to  be  struck  with 
admiration  at  the  harmonious  simplicity 
of  the  laws  upon  which  these  transmu¬ 
tations  depend :  and  the  feeling  of  satis¬ 
faction  which  their  development  pro¬ 
duces  is  part  of  that  pure  delight  which, 
independently  of  more  substantial  advan¬ 
tages,  rewards  the  diligent  student  of 
the  works  of  nature. 

On  Chlorine*.— 36. 

(§  83.)  Chlorine,  the  last  of  the  four 
aeriform  elements  which  we  have  enu¬ 
merated,  belongs,  with  oxygen,  to  the 
electro-negative  class ;  being  evolved 
from  all  its  compositions,  except  with 
oxygen,  at  the  positive  pole  of  the  Vol¬ 
taic  pile.  It  may  be  obtained  as  fol¬ 
lows: — Mix  three  parts  of  sea-salt 
finely  pounded  with  one  of  peroxide  of 
manganese — a  substance  well  known  in 
several  of  the  arts  by  the  name  of  black 
manganese ;  pour  upon  them  in  a  re¬ 
tort  two  parts  of  sulphuric  acid  diluted 
with  an  equal  weight  of  water :  by  the 
action  of  a  gentle  heat  the  gas  will  be 
given  off.  It  may  also  be  obtained  by 
the  action  of  muriatic  acid  upon  the 
same  oxide. 

Cold  water  dissolves  about  twice  its 
volume  of  chlorine  ;  and  mercury  ra¬ 
pidly  combines  with  it.  It  is  best  col¬ 
lected  over  warm  water ;  and  the  waste 
from  absorption  may  be  diminished  by 
leading  the  pipe,  by  which  it  is  con¬ 
ducted,  to  the  top  of  the  jar;  as  was 
before  recommended  for  the  protoxide 
of  nitrogen  (§  61.)  It  may  be  pre¬ 
served  in  bottles  with  glass  stoppers 
well  greased,  taking  care  that  the  water 
is  wholly  expelled  from  them. 

(§  84.)  It  possesses  a  yellowish 
green  colour,  an  astringent  taste,  and  a 
most  suffocating  smell;  all  of  which 


*  From  a  Greek  word,  signifying  “  green,”  from-; 
its  colour. 
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qualities  are  communicated  to  its  aque¬ 
ous  solution.  If  received  into  the  lungs, 
its  action  is  extremely  painful  and  inju¬ 
rious. 

It  is  considerably  heavier  than  com¬ 
mon  air:  100  cubic  inches  weigh  76.3 
grains. 

When  a  burning  taper  is  introduced 
into  it,  it  is  quickly  consumed  with  a  dull 
red  flame,  which  throws  off  a  dense 
black  smoke  :  phosphorus  spontane¬ 
ously  ignites  in  it,  and  burns  with  a 
pale  while  flame;  and  several  of  the 
metals,  in  a  finely-divided  state,  or  in 
thin  leaves,  inflame:  and  in  this  way 
lin,  copper,  and  zinc,  exhibit  a  beauti¬ 
ful  appearance. 

Chlorine,  mixed  with  the  vapour  of 
water,  as  it  is  usually  obtained,  assumes 
the  liquid  form  at  a  temperature  of  40°  ; 
and  when  surrounded  w'ith  snow  or 
pounded  ice,  concretes  into  a  solid  of  a 
yellowish  colour ;  which  is  deposited 
upon  the  sides  of  the  receiver,  like  the 
effects  of  frost  upon  the  surface  of  win¬ 
dows.  If  the  gas  be  .artificially  dried  by 
passing  it  over  substances  which  ab¬ 
stract  vapour,  as  a  salt  known  by  the 
name  of  muriate  of  lime,  the  most  in¬ 
tense  artificial  cold  produces  no  effect 
upon  it.  Strong  compression,  equal  to 
four  atmospheres,  will,  however,  reduce 
it  to  the  liquid  form.  It  has  no  acid 
properties:  it  is  not  sour,  and  it  does  not 
change  the  blue  colour  of  vegetables  to 
red;  but  it  destroys  all  animal  and  ve¬ 
getable  colours,  and  is  a  most  impor¬ 
tant  agent  in  the  art  of  bleaching.  This, 
however,  it  can  only  effect  when  water 
is  present.  If  a  piece  of  dry  litmus 
paper  be  introduced  into  a  jar  of  dry 
chlorine,  it  will  suffer  no  change  ;  but 
if  previously  wetted,  the  colour  will 
speedily  disappear.  The  colours  of 
printed  calico  may  readily  be  discharged 
by  the  same  means. 

Chlorine  and  Hydrogen. 
Muriatic  Acid..— 37.  (1  Ch.  36+  1  H.  1.) 
(§  85.)  Chlorine  and  hydrogen  may 
be  mixed  together ;  and  if  carefully  ex¬ 
cluded  from  the  light  of  day,  will  remain 
without  change.  If  the  mixture  be  made 
with  equal  volumes  of  the  two,  and  ex¬ 
posed  to  light,  they  will  gradually  com¬ 
bine  ;  the  chlorine  will  lose  its  peculiar 
colour  and  smell,  and  a  powerfully  acid 
gas  will  result,  without  any  change  of 
volume.  If  the  mixture  be  made  in  a 
stout  phial,  with  a  well-fitted  stopper, 
secured  by  wrapping  a  cloth  round  the 
neck,  and  exposed  to  the  direct  rays  of 
the  sun,  the  combination  will  take  place 


suddenly  and  with  detonation.  When 
the  stopper  is  afterwards  withdrawn  un¬ 
der  mercury,  it  will  be  found  that  no 
condensation  has  taken  place ;  but  if 
under  water,  it  will  instantly  rush  in  and 
fill  the  phial — as  the  new  compound  is 
rapidly  absorbed  by  that  liquid.  The 
mixture  may  also  be  exploded  by  flame, 
or  the  electric  spark. 

To  this  compound  the  name  of  muri¬ 
atic  acid  has  been  given,  and  it  is  some¬ 
times  called  hydrochloric  acid.  As  the 
elements  combine  without  condensation, 
its  specific  gravity  must  be  the  mean  be¬ 
tween  those  of  its  two  ingredients. 

50  cubic  inches  of  chlorine 

Grains, 

weigh  .  .  .  38.10  (§  84.) 

50  ditto  of  hydrogen  .  1.05  (§  41.) 

100  cubic  inches  of  muria¬ 
tic  acid  must  therefore 

weigh  .  .  .  39.15 

which  agrees  very  nearly  with  direct 
experiment. 

(§  86.)  Muriatic  acid  gas  is  best  ob¬ 
tained  by  the  action  of  strong  sulphuric 
acid  upon  an  equal  weight  of  sea  salt :  it 
is  given  off  in  great  purity,  but  must  be 
collected  over  mercury. 

The  properties  of  such  gases  as  are 
rapidly  absorbed  by  water,  may  be  exa¬ 
mined  without  a  regular  mercurial  ap¬ 
paratus,  by  means  of  a  glass  tube  from 
half  to  three-quarters  of  an  inch  dia¬ 
meter,  and  from  four  to  ten  inches  in 
length.  It  is  closed  above,  but  open  at 
the  lower  extremity,  and 
turned  up  (fig.  9).  It  may 
be  filled  with  mercury,  and 
is  then  to  be  supported 
with  a  saucer  beneath  it. 

The  soluble  gas  may  be 
produced  in  a  small  tube, 
or  retort,  drawn  out,  and 
fixed  in  such  a  way  that 
the  end  may  be  introduced 
at  the  mouth  so  far  as  to 
allow  the  bubbles  to  pass 
into  the  tube,  and  the  mer¬ 
cury  to  flow  out  into  the 
saucer.  When  the  metal 
has  descended  nearly  to  the  bend,  the  ope¬ 
ration  should  be  stopped.  Small  portions 
of  the  gas  so  collected,  may  afterwards  be 
examined,  by  placing  the  finger  upon  the 
aperture  in  contact  with  the  mercury,  so 
as  to  exclude  all  air.  By  inclining  the 
tube,  a  bubble  of  the  gas  may  be  made 
to  pass  round  the  bend  towards  the  finger; 
and  upon  replacing  the  tube  in  the  per¬ 
pendicular  position,  the  larger  quantity 
will  still  be  in  the  upright  part,  and  a 


Fig.  9. 
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small  quantity  confined  between  the 
mercury  and  the  finger,  and  quite  un¬ 
connected  with  the  former.  This  quan¬ 
tity  may  thus  be  conveniently  experi¬ 
mented  upon. 

(§  87.)  Muriatic  acid  gas  is  colour¬ 
less,  of  a  very  pungent  smell,  and  in¬ 
tensely  acid  taste. 

Its  attraction  for  water  is  so  great, 
that  when  a  little  of  it  escapes  into  the 
air,  a  white  cloud  is  instantly  formed 
by  its  combining  with  the  atmospheric 
steam. 

It  extinguishes  flame  and  is  incom¬ 
bustible. 

It  instantly  reddens  blue  vegetable 
colours. 

It  has  been  reduced  to  a  liquid  state 
by  a  pressure  amounting  to  that  of  40 
atmospheres. 

Water,  at  the  temperature  of  40°,  will 
absorb  of  it  about  480  times  its  volume, 
and  thereby  increases  its  bulk.  The 
solution  is  commonly  known  by  the  name 
of  muriatic  acid* and  is  largely  employed 
for  chemical  purposes.  It  may  be  pre¬ 
pared  by  passing  the  gas,  produced  as 
above,  immediately  into  water ;  or  by 
adding  a  sufficiency  of  water  to  the  sul¬ 
phuric  acid  in  the  firs't  instance,  and  then 
distilling.  The  solution,  when  pure,  is 
perfectly  colourless,  and  it  possesses  all 
the  acid  properties  and  smell  of  the  gas. 
Its  specific  gravity  is  greater  than  that 
of  water,  and  when  it  amounts  to  1.920 
(water  being  considered  1.00)  100  parts 
contain  28.3  of  real  acid. 

When  muriatic  acid  is  brought  into 
contact  with  some  oxides,  they  part  with 
a  portion  of  their  oxygen,  which  forms 
water  with  its  hydrogen,  and  chlorine  is 
evolved :  it  is  thus  that  the  process  pre¬ 
viously  described  (§83.)  for  obtaining 
chlorine  with  oxide  of  manganese  may 
be  explained. 

The  muriatic  acid  is  the  only  known 
compound  of  chlorine  with  hydrogen. 

Chlorine  and  Oxygen. 

Protoxide  of  Chlorine. — 44. 

(I  C.  36  +  1  0.8.) 

(§  88.)  Chlorine  and  oxygen  have  but 
a  feeble  affinity  for  each  other ;  but  four 
distinct  compounds  of  the  two  elements 
may  be  obtained  by  indirect  means. 
They  are  never  found  in  nature,  and  are 
subjects  of  instruction  and  curiosity  ra¬ 
ther  than  of  use  in  the  arts. 

There  is  a  salt  to  which  we  have  before 
referred  (§36),  and  the  formation  of 
which  will  be  hei'eafter  described,  known 
by  the  name  of  chlorate  of  potash  : 


when  this  salt  is  heated  in  a  retort,  with 
very  weak  muriatic  acid,  a  gas  may  be 
collected  over  mercury :  but  as  it  is  very 
apt  to  explode,  the  application  of  a  naked 
flame  to  the  retort  should  be  avoided,  and 
the  heat  is  best  applied  by  the  medium 
of  water.  It  differs  very  materially  from 
chlorine. 

(§  89.)  Its  colour  is  much  deeper,  and 
is  of  a  brighter  yellow  tint :  its  smell  is 
intermediate  between  that  of  burnt  sugar 
and  chlorine. 

It  explodes  by  the  application  of  a 
very  gentle  heat,  not  exceeding  that  of 
the  hand,  and  is  decomposed.  Five 
volumes  become  expanded  to  6,  con¬ 
sisting  of  a  mixture  of  chlorine  and  oxy¬ 
gen,  in  the  proportions  of  4  of  the 
former  to  2  of  the  latter ;  the  oxygen 
in  the  compound  being  condensed  into 
half  its  bulk.  These  proportions  prove 
that  it  is  a  compound  by  weight  of 

1  equivalent  of  chlorine  .  .36 

1  ditto  oxygen  .  .  8 

Its  number  therefore  is  .  44 

It  may  be  called  the  protoxide  of  chlorine. 

Water  dissolves  eight  or  ten  times  its 
bulk  of  this  gas,  and  takes  an  orange 
tint,  but  it  does  not  act  upon  mercury. 

It  discharges  all  vegetable  colours. 
Phosphorus  .upon  being  plunged  into  it 
takes  fire,  and  causes  it  to  explode. 

It  may  be  mixed  with  hydrogen,  and 
exploded  by  the  electric  spark,  and  mu¬ 
riatic  acid  and  water  are  the  products. 

Peroxide  of  Chlorine. — 68. 

(I  C.  36  +  4  O.  32.) 

(§  90.  )ANOTHERCombination  of  chlorine 
and  oxygen  may  be  obtained  by  operating 
upon  chlorate  of  potash  with  sulphuric 
acid:  50  or  60  grains  of  the  salt  in  pow¬ 
der  may  be  mixed  with  strong  sulphuric 
acid  into  a  paste.  The  mixture  will 
assume  a  bright  orange  colour.  It  may 
be  placed  in  a  small  retort,  or  bent  tube, 
which  should  be  immersed  in  water,  and 
gently  heated,  taking  care  to  keep  it 
under  212°,  or  the  boiling  point.  A  gas 
will  be  given  off,  which  may  be  received 
over  mercury,  on  which  it  has  no  action 
at  common  temperature. 

(§  91.)  Its  colour  is  also  yellow,  but 
brighter  than  that  of  the  protoxide,  and 
it  is  still  more  rapidly  absorbed  by  water. 
The  solution  is  deep  yellow,  and  its  taste 
not  sour,  but  strongly  astringent  and 
disagreeable  :  it  is  decomposed  by  the 
action  of  light.  The  smell  of  this  gas  is 
peculiar  and  aromatic,  and  quite  different 
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from  that  of  chlorine.  It  explodes  with 
great  violence  if  heated  to  a  tempe¬ 
rature  above  114°,  and  its  volume  is 
thereby  increased  by  one-half.  The  pro¬ 
ducts  are  chlorine  and  oxygen,  in  the 
proportions  of  1  volume  of  chlorine 
to  2  of  oxygen.  It  is,  therefore,  com¬ 
posed  of 

1  equivalent  of  chlorine  ...  36 

4  ditto  oxygen  ...  32 

and  its  number  is  . 68 

It  may  be  called  the  peroxide  of  chlorine. 
Phosphorus  spontaneously  ignites  in  it, 
and  causes  it  to  explode. 

Chloric  Acid.— 76.  (1  C.36  +  5  0.  40.) 

(§  92.)  The  combination  of  chlorine 
with  a  further  proportion  of  oxygen 
constitutes  an  acid,  which  may  be  ob¬ 
tained  by  decomposing  a  salt,  which  will 
be  hereafter  described,  called  chlorate 
of  barytes,  by  elective  affinity  with  dilute 
sulphuric  acid.  Great  care  must  be 
taken  not  to  use  an  excess  of  sulphuric 
acid;  which  maybe  dropped  into  a  solu¬ 
tion  of  the  chlorate  in  water,  as  long  as 
any  white  precipitate  appears.  The  clear 
liquor  which  remains,  after  the  process 
is  complete,  should  be  cleansed  from 
the  sediment ;  it  consists  of  a  solution 
of  chloric  acid  in  water.  It  may  be 
concentrated  by  careful  evaporation  till 
it  acquires  an  oily  consistency. 

(§  93.)  It  is  colourless ;  its  taste  acid 
and  astringent ;  and  its  smell,  when 
warmed,  pungent.  It  reddens  the  colour 
of  blue  vegetables.  The  chloric  and 
muriatic  acids  decompose  each  other, 
and,  if  mixed  in  proper  proportions, 
they  are  each  resolved  into  chlorine  by 
the  union  of  the  oxygen  and  hydrogen, 
with  which  they  are  severally  combined. 
Chloric  acid  is  composed  of 

1  equivalent  of  chlorine  .  .  .36 

5  ditto  oxygen  .  .  .40 

and  its  number  is  . 76 

Perchloric  Acid. — 100. 

(1  C.  36  +  8  O.  64.) 

(§  94.)  A  compound  of  chlorine,  with 
a  further  proportion  of  oxygen,  has 
been  discovered,  but  very  little  examined. 
It  has  been  obtained  in  the  state  of  an 
acid  liquor,  and  has  been  called  per¬ 
chloric  acid.  It  is  supposed  to  be  com¬ 
posed  of 

1  equivalent  chlorine  ....  36 
8  ditto  oxygen  ...  64 

making  its  number  ....  100 


Chlorine  and  Nitrogen. 

Chloride  of  Nitrogen. — 158. 

(4  C.  144  +  1  N.  14.) 

95.)  Chlorine  and  nitrogen  have 
but  a  very  slight  affinity  for  each  other  ; 
but  they  may  be  obtained  in  union  by 
passing  chlorine  through  a  solution  of 
nitrate  of  ammonia  at  a  temperature  of 
about  90°.  The  chlorine  is  rapidly  ab¬ 
sorbed,  and  an  oily  film  appears  on  the 
surface  of  the  solution,  which  collects 
into  yellowish  drops,  and  sinks  to  the 
bottom  of  the  vessel. 

(§  96.)  This  oily  liquid  is  the  most 
powerfully  explosive  compound  known, 
and  should  not  be  experimented  upon  in 
quantities  larger  than  a  grain  of  mus¬ 
tard-seed  ;  and  even  then  it  should  be 
handled  with  extreme  caution.  Its  spe¬ 
cific  gravity  is  1.653,  and  it  does  not 
become  solid  at  great  degrees  of  arti¬ 
ficial  cold.  At  a  temperature  of  about 
200°  it  explodes  ;  but  the  mere  contact 
of  some  combustible  substances,  at  or¬ 
dinary  temperatures,  causes  it  to  deto¬ 
nate.  When  a  globule  is  throwm  into 
olive  oil,  or  turpentine,  it  explodes  so 
violently  as  to  shatter  any  glass  vessel. 
The  products  of  its  decomposition  are 
chlorine  and  nitrogen,  and  its  compo¬ 
sition  has  been  inferred  to  be 

1  equivalent  nitrogen  ...  14 

4  ditto  chlorine  .  .  .144 


making  its  number . 158 


(§  97.)  The  name  of  chloride  of  ni¬ 
trogen  has  been  given  to  it :  the  che¬ 
mical  nomenclature  conferring  the  ap¬ 
pellation  of  chloride  upon  the  combi¬ 
nations  of  chlorine  with  all  bodies  ex¬ 
cept  oxygen,  which  have  not  acid  pro¬ 
perties  :  and  as  the  analogous  com¬ 
pounds  of  oxygen,  when  in  more  than 
one  proportion,  are  distinguished  by 
prefixing  the  Greek  numerals,  so  the 
chlorides  of  different  proportions  are 
c  ailed  jarofo-chloride,  deuto- chloride,  &c. 

Chapter  III. 

On  the  Non-metallic  Volatile  Elements 
Bromine,  Iodine,  Sulphur,  Phospho¬ 
rus,  and  Selenium ;  and  their  Binary 
Compounds. 

(§  98.)  The  principal  object  of  all  ar¬ 
rangement  in  science  is  to  assist  the 
memory  in  acquiring  and  recalling  a 
knowledge  of  the  phenomena  of  nature; 
and  that  arrangement  is  best  which 
most  completely  fulfils  this  primary  de¬ 
sign.  With  this  view  we  have  already 
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divided  the  undecompounded  substances 
into  two  classes,  viz.  the  electro-nega¬ 
tive  and  the  electro-positive ;  but,  for 
further  convenience,  these  it  is  neces¬ 
sary  again  to  subdivide ;  especially  as 
the  first  class  contains  only  four  known 
and  one  hypothetical  (conjectural)  body, 
the  existence  of  which  requires  to  be 
established  by  further  proof.  We  have, 
therefore,  formed  one  groupe  of  those  ele¬ 
ments  which  always  assume  the  gaseous 
form. under  the  common  circumstances 
of  atmospheric  temperature  and  pres¬ 
sure.  Of  these,  two  belong  to  the  elec¬ 
tro-negative  and  two  to  the  electro-posi¬ 
tive  class,  and  their  properties  we  have 
examined,  and  their  combinations  with 
each  other. 

We  shall  now  proceed  to  describe 
five  other  simple  substances  :  the  first 
of  which  assumes,  at  common  atmo¬ 
spheric  temperature,  the  form  of  a  liquid, 
and  the  others  of  solids  ;  but  all  agree 
in  being  volatile,  or  in  rising  in  vapour 
by  the  application  of  a  moderate  degree 
of  heat :  they  are  all,  likewise,  non-con¬ 
ductors  of  electricity,  and  bad  conduct¬ 
ors  of  heat.  These  have  been  called 
bromine,  iodine,  sulphur,  phosphorus, 
and  selenium.  The  first  two  are  evolved 
from  their  respective  compounds  (ex¬ 
cept  with  oxygen  and  chlorine)  at  the 
positive  pole  of  the  voltaic  pile  ;  and 
with  oxygen  and  chlorine,  and  that  other 
substance  whose  existence,  as  we  have 
said,  has  been  rather  inferred  from  ana¬ 
logy  than  proved,  complete  the  number 
of  the  electro-negative  elements. 

Bromine* — 75. 

(§  99.)  One  of  the  sources  of  the  great¬ 
est  discouragement  to  those  who  take 
but  a  hasty  view  of  the  science  of  che¬ 
mistry,  and  a  cursory  glance  at  chemical 
systems,  is  the  number  of  new  substan¬ 
ces  and  unusual  names  with  which  they 
are  perplexed  at  the  first  outset  of  their 
inquiries.  The  forms  of  matter  with 
which  they  are  first  presented,  are  not 
those  with  which  they  are  most  familiar ; 
and  as  they  do  not  at  once  see  the 
practical  application  of  the  knowledge 
thus  submitted  to  them,  they  are  apt 
impatiently  to  give  up  the  pursuit.  The 
fact  undoubtedly  is,  that  a  knowledge  of 
these  elementary  substances,  very  few 
of  which  are  presented  to  us  in  nature 
in  their  simple  state,  or  even  in  their 
binary  combinations,  and  a  consider¬ 
able  number  of  which  are  the  fruits  of 

t  *  From  a  Greek  word,  signifying  “  a  strong  dis¬ 
agreeable  odour.” 


modern  research,  constitutes  the  foun¬ 
dation  of  the  science.  The  chemical 
compounds  with  which  we  are  sur¬ 
rounded,  and  particularly  the  products 
of  organization,  are  of  a  very  intricate 
nature,  and  a  knowledge  of  their  con¬ 
stitution  is  most  easily  obtained  by  stu¬ 
dying  the  properties  of  the  elements, 
and  ascending  by  the  more  simple  com¬ 
binations  to  the  most  complex.  A  large 
proportion,  however,  of  the  elementary 
substances  are,  as  we  have  before  men¬ 
tioned,  of  very  rare  occurrence,  even  in 
a  state  of  composition ;  and  we  would 
guard  any  one  from  the  error  of  sup¬ 
posing  that,  because  he  may  not  have 
an  opportunity  of  examining  these  scarce 
substances,  a  serious  obstacle  is  thrown 
in  the  way  of  his  advancement ;  for  we 
again  affirm,  that  such  a  sound  practical 
knowledge  of  the  science,  as  every  one 
ought  to  acquire,  may  be  attained  by  a 
well-directed  study  of  the  commoner 
elementary  principles. 

Bromine,  as  well  as  the  next  object 
of  our  investigation  Iodine,  have  only 
been  very  lately  discovered ;  and  they 
belong  to  that  class  of  substances,  with 
whose  use  in  the  economy  of  nature  we 
are  at  present  totally  unacquainted,  and 
which  have  not  yet  been  applied  to  any 
practical  purpose :  nevertheless,  they 
are  objects  of  the  greatest  interest  to 
the  chemist ;  and  the  study  of  their 
properties  is  particularly  instructive,  on 
account  of  the  analogy  which  subsists 
between  them  and  chlorine. 

(§  100.)  Bromine  has  been  obtained 
in  very  small  quantities  from  sea-water 
and  the  ashes  of  sea-weeds. 

If  to  a  lixivium  (washings)  of  the 
latter,  or  to  the  residual  liquor  of  salt¬ 
pans,  in  which  sea-water  has  been  eva¬ 
porated  for  the  purpose  of  obtaining 
common  salt,  a  solution  of  chlorine  in 
water  be  added,  a  deep  yellow  colour 
and  a  pequliar  odour  will  be  produced; 
By  distillation  and  passing  the  vapour 
over  a  salt,  called  muriate  of  lime, 
which  detains  the  watery  part,  a  few 
drops  may  be  obtained  of  a  red  colour, 
very  volatile  and  filling  the  receiver 
with  vapours  like  those  of  nitrous  acid : 
or,  after  passing  chlorine  into  the  above- 
named  lixivia,  they  may  be  shaken  up 
with  some  ether,  which  will  dissolve  the 
bromine ;  from  which  it  will  acquire  a 
hyacinth  tint,  and  float  upon  the  sur¬ 
face.  Upon  agitating  this  solution  with 
caustic  potash,  it  immediately  yields  up 
the  bromine  to  it ;  and  the  process  may 
be  repeated  with  the  same  ether :  and 
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thus  by  alternately  using  the  ether  and 
potash,  the  new  substance  may  be  sepa¬ 
rated  from  a  large  portion  of  water. 
The  bromine  is  extracted  from  the  pot¬ 
ash,  by  treating  it  with  sulphuric  acid, 
diluted  with  half  its  weight  of  water, 
and  oxide  of  manganese;  in  an  analogous 
way  to  that  by  which  chlorine  is  ob¬ 
tained  from  sea  salt. — (§  83.)  It  is 
given  off  by  distillation  in  red  vapours, 
which  condense  into  blackish  red  drops 
in  the  receiver,  which  should  be  kept 
cool. 

(§  101.)  Bromine  is  a  fluid  of  a  hya¬ 
cinth-red  colour,  when  viewed  by  light 
transmitted  through  thin  strata,  At  a 
temperature  a  few  degrees  below  0°  it 
suddenly  congeals  and  is  very  brittle. 
Its  odour  is  extremely  disagreeable  and 
intense ;  its  taste  unpleasant  and  very 
powerful.  It  corrodes  the  skin  and 
colours  it  yellow,  but  not  permanently ; 
it  is  very  poisonous ;  its  specific  gra¬ 
vity  is  nearly  3  ;  it  is  very  volatile ; 
gives  off  red  vapours  at  common  tem¬ 
peratures,  and  boils  at  116°.5. 

A  taper  will  not  burn  in  its  vapour, 
but  it  alters  the  tint  of  the  flame  in  air. 

It  is  soluble  in  water,  alcohol,  and 
particularly  in  ether. 

It  does  not  redden,  but  destroys  the 
colour  of  litmus,  and  even  of  indigo. 

Bromine  and  Oxygen 
Bromic  Acid. — 115.  (1  B.  75  +  5  0.40.) 
($  102.)  Bromine  may  be  obtained  in 
union  with  oxygen,  in  the  form  of  an 
acid,  by  adding  sulphuric  acid  to  a  solu¬ 
tion  of  a  salt,  which  will  be  hereafter 
described,  called  Bromate  of  Barytes,  as 
as  long  as  any  precipitate  is  produced. 

Bromic  acid  in  solution  has  scarcely 
any  odour,  but  possesses  an  acid  taste 
and  reddens,  and  gradually  destroys  the 
blue  colour  of  litmus.  It  is  probably  a 
compound  of 

1  equivalent  of  bromine  .  .  75 

5  ditto  of  oxygen  ....  40 


and  its  number  .  .  .  115 


It  is  therefore  similar  in  its  nature  to 
the  chloric  and  nitric  acids. 

Bromine  and  Hydrogen. 

Hydro-bromic  Acid. — 76. 

(1  B.  75  +  1  H.  1.) 

(§  103.)  Hydrogen  mixed  with  the  va¬ 
pour  of  bromine,  and  exposed  to  the 
;ight  of  the  sun,  undergoes  no  change; 
but  on  introducing  a  lighted  candle,  or 
a  red-hot  iron  into  the  mixture,  combi¬ 


nation  ensues  in  the  vicinity  of  the  heated 
body,  but  not  with  explosion.  A  colour¬ 
less  gas,  possessed  of  acid  properties,  is 
thus  generated,  and  it  has  been  distin¬ 
guished  by  the  name  of  hydro-bromic 
acid. 

It  is  rapidly  absorbed  by  water,  but 
may  be  preserved  over  mercury.  It 
may  be  abundantly  produced  from  a 
mixture  of  bromine  and  phosphorus, 
slightly  moistened.  It  produces  dense 
white  vapours  in  the  air  from  its  com¬ 
bination  with  the  steam,  and  it  possesses 
a  strong  irritating  odour.  The  solution 
in  water  is  colourless,  and  possesses  the 
principal  properties  of  the  gas. 

The  hydro-bromic  acid  is  decomposed 
by  chlorine,  which  combines  with  its 
hydrogen,  forming  muriatic  acid,  and 
the  bromine  is  set  free. 

The  decomposition  of  hydro-bromie 
acid,  by  substances  which  combine  with 
its  bromine,  affords  half  the  volume  of 
pure  hydrogen.  Hence  its  composi¬ 
tion  is 

1  equivalent  of  bromine  .  .  75 

1  ditto  of  hydrogen  ....  1 

and  its  equivalent  .  .  76 

It  is  therefore  analogous  in  its  compo¬ 
sition  to  muriatic  acid. 

Bromine  and  Chlorine. 

Chloride  of  Bromine. 

(§  104.)  By  passing  chlorine  through 
bromine,  and  condensing  the  vapours 
which  arise  at  a  low  temperature,  a 
reddish-yellow  fluid  may  be  obtained 
with  a  very  penetrating  odour  and  dis¬ 
agreeable  taste.  It  is  very  fluid  and 
volatile.  Metals  in  a  finely-divided 
state  take  fire  in  its  vapour.  The  solu¬ 
tion  of  this  compound  in  water  has 
strong  bleaching  powers. 

Iodine  *. — 124. 

($  105.)  Iodine  is  another  undecom 
pounded  substance,  which  has  lately 
been  extracted  from  the  ashes  of  sea 
weeds,  or  the  substance  called  kelp, 
which  is  largely  produced  on  the  western 
coasts  of  Scotland,  and  used  for  making 
soap.  Its  discovery  preceded,  that  of 
bromine,  and,  like  it,  its  properties  bear 
a  strong  analogy  to  those  of  chlorine. 
It  is  a  very  remarkable  fact,  although 
no  useful  inference  has  yet  been  drawn 
from  the  remark,  that  the  three  most 
electro- negative  bodies,  next  to  oxygen. 


*  From  a  G-eek  word  signifying  “  Violet-coloured.’* 
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connected  as  they  likewise  are  by  com 
mon  properties,  exist  almost  exclusively 
in  the  ocean  and  its  immediate  produc¬ 
tions. 

The  soluble  part  of  kelp,  or  the  ashes 
of  sea-weeds  dissolved  in  water,  afford 
upon  evaporation  a  salt  called  carbonate 
of  soda ;  and  after  its  extraction,  an 
uncrystallizable  residue  remains.  When 
sulphuric  acid  is  poured  upon  this,  in  a 
retort  furnished  with  a  receiver,  beauti¬ 
ful  violet  vapours  make  their  appearance, 
which  are  condensed  in  crystalline  plates 
of  the  colour  and  lustre  of  plumbago 
(commonly  known  as  black  lead).  These 
crystals  may  be  collected  and  dried  be¬ 
tween  folds  of  blotting-paper.  The  ad¬ 
dition  of  a  small  quantity  of  oxide  of 
manganese  facilitates  the  process  of  ex¬ 
traction 

(§  106.)  Iodine,  thus  obtained,  is  a 
solid,  at  the  ordinary  temperature  of 
the  atmosphere,  in  the  shape  of  scales 
or  plates  of  regular  forms.  Its  colour 
is  dark-grey  ;  and  it  possesses  a  metallic 
lustre.  It  is  soft  and  friable,  and  may 
easily  be  rubbed  to  a  fine  powder.  Its 
taste  is  hot  and  acrid,  but  it  is  very 
sparingly  soluble  in  water.  It  is  poison¬ 
ous  in  large  doses,  but  has  been  used  in 
medicine.  At  60°  of  Fahrenheit,  it  is 
nearly  five  times  as  heavy  as  water.  It 
produces  a  yellow  stain  upon  the  skin, 
which  speedily  evaporates.  It  fuses  at 
225°,  and  assumes  the  elastic  form, 
under  the  pressure  of  the  atmosphere, 
at  about  350°.  In  this  state,  when  it  is 
of  a  beautiful  purple  colour,  it  is  124 
times  heavier  than  hydrogen  ;  and  as  it 
combines  with  that  element  in  equal 
volumes,  this  number  represents  the 
weight  of  its  combining  proportion,  or 
equivalent. 

It  has  the  property  of  forming  an  in¬ 
soluble  compound  with  starch,  of  a 
beautiful  blue  colour ;  and  its  presence 
may  thus  be  detected  in  very  minute 
proportions. 

Iodine  and  Oxygen. 

Iodic  Acid.— 164.  (1  1. 124  +  5  0. 40.) 
(§  107.)  Iodine  is  not  altered  by  being 
heated  in  oxygen  gas;  but  when  it  is 
exposed  to  protoxide  of  chlorine  (§  88), 
which  holds  this  element  by  a  very  slight 
attraction,  there  is  an  immediate  action  ; 
its  colour  changes  to  a  bright  orange,- 
and  a  liquid  is  formed.  By  the  applica¬ 
tion  of  a  gentle  heat,  an  orange  com¬ 
pound  of  iodine  and  chlorine  is  evapo¬ 
rated,  and  a  compound  of  iodine  and 
oxygen  remains. 


(§  108.)  It  is  a  white  semi-transparent 
solid,  without  smell,  but  with  a  strong 
astringent,  sour  taste.  It  may  be  called 
iodic  acid. 

It  is  decomposed  by  heat,  and  the  sole 
products  are  iodine  and  oxygen:  13 
grains  afford  9.25  cubic  inches  of  the 
latter  gas,  or  by  weight  3.15  grains. 
Hence  it  is  composed  of 

1  equivalent  of  iodine  .  1 24 

5  ditto  of  oxygen  .  .  40 


and  its  number  is  .  164 


Its  composition  is  therefore  analogous 
to  that  of  chloric  acid.  It  is  soluble  in 
water,  and  its  solution  first  reddens,  and 
then  destroys,  blue  vegetable  colours. 

Iodic  acid,  when  mixed  with  charcoal, 
sugar,  sulphur,  and  other  combustible 
bodies,  detonates  upon  the  application 
of  heat.  The  solution  corrodes  all  me¬ 
tals,  and  even  acts  upon  gold  and  pla¬ 
tinum. 

Iodine  and  Chlorine. 

(§109.)  Iodine  absorbs  chlorine,  and 
forms  with  it  an  acid  solid  compound, 
whose  nature  is  not  yet  perfectly  under¬ 
stood. 

Iodine  and  Hydrogen. 

Hy  dr  iodic  Acid. — 125.  (1  1.124  +  1  II.  1.) 

(§110.)  When  iodine  is  heated  in  hy¬ 
drogen  gas,  an  expansion  of  volume 
takes  place ;  an  acid  gas  is  formed  which 
is  rapidly  absorbed  by  water,  and  is 
acted  upon  by  mercury  so  readily,  that 
it  cannot  be  long  preserved  over  that 
metal. 

The  same  gaseous  compound  is  pro¬ 
duced  in  abundance  by  the  action  of 
moistened  iodine  and  phosphorus  on 
each  other.  The  oxygen  of  the  water 
combines  with  the  phosphorus,  and  the 
hydrogen  with  the  iodine.  The  mixture 
may  be  distilled  in  a  retort,  and  the  gas 
received  into  a  vessel  filled  with  common 
air,  which,  by  a  proper  arrangement,  it 
will  expel  by  its  superior  gravity.  It 
has  been  called  hydriodic  acid. 

(§111.)  The  gas  is  colourless  ;  has  a 
very  sour  taste,  and  pungent  odour,  and 
reddens  blue  vegetable  colours,  without 
ultimately  bleaching  them. 

It  is  decomposed  by  mercury,  which 
unites  with  the  iodine,  and  leaves  half  the 
original  volume  of  pure  hydrogen;  it  is 
therefore  a  compound  of  equal  volumes 
of  iodine,  in  elastic  state,  and  hy¬ 
drogen. 
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Grains, 

Now  50  cubic  inches  of  iodine 
have  been  found  to  weigh  .  131.3 

50  ditto  of  hydrogen  .  .  1.05 


which  would  make  the  weight 
of  100  cubic  inches  of  hy- 
driodic  acid  .  .  .  132.35 


and  this  agrees  very  nearly  with  direct 
expen ment.  Itscompositionby  weight  is 
1  equivalent  of  iodine  .  124 

1  ditto  hydrogen  .  .  1 

r  and  its  number  .  .  125 


The  solution  of  hydriodic  acid  in 
water  is  fuming,  and,  when  saturated, 
has  a  density  of  1.7.  It  does  not  act 
upon  mercury,  although  in  the  gaseous 
state  it  attacks  it  so  powerfully.  Chlo¬ 
rine  takes  the  hydrogen  from  this  com¬ 
pound;  muriatic  acid  is  formed,  and 
iodine  liberated. 

Iodine  and  Nitrogen. 

,  Iodide  of  Nitrogen. 

(§  112.)  Iodine  and  nitrogen  cannot  be 
made  to  unite  directly :  but  if  iodine  be 
kept  in  a  solution  of  ammonia  in  water, 
the  latter  is  decomposed;  its  hydrogen 
unites  with  part  of  the  iodine,  and  its 
nitrogen  with  another  part.  The  latter 
compound  is  precipitated  in  the  form  of 
a  brownish  black  substance,  which  is 
the  iodide  of  nitrogen. 

(§  1 13.)  Like  the  chloride  of  the  same 
element  (§  95),  it  is  highly  explosive.  It 
detonates  violently,  as  soon  as  it  is  dry  ; 
and  the  slightest  pressure  produces  the 
same  effect  even  when  moist.  It  is  sup¬ 
posed  to  consist  of 

3  equivalents  of  iodine  .  372 
1  ditto  of  nitrogen  .  .  14 

386 


But  all  attempts  to  collect  the  pro¬ 
ducts  of  its  detonation  with  accuracy 
have  failed. 

Iodine  and  Bromine. 

(,§  114.)  Iodine  appears  to  form  two 
compounds  with  bromine ;  the  first  is  a 
solid,  which,  when  heated,  gives  off 
reddish  brown  vapours ;  the  second  is 
formed  by  a  further  proportion  of  iodine, 
and  is  a  dark-coloured  liquid.  Their 
properties  have  not  been  minutely 
examined. 


It  is  a  curious  fact,  that  chlorine  takes 
hydrogen  from  bromine,  and  bromine 


from  iodine;  but  the  affinities  of  these 
three  bodies  for  oxygen  are  in  the  in¬ 
verse  order. 

Sulphur. — 16. 

(§  115.)  Sulphur  is  one  of  the  few 
elements  which  occur  in  nature  in  their 
simple  form.  It  is  a  well  known  mi¬ 
neral  substance,  found  in  large  quan¬ 
tities  in  the  neighbourhood  of  volcanoes; 
and,  as  an  article  of  commerce,  is  chiefly 
brought  from  the  Mediterranean.  It  is 
also  extracted  for  use  from  some  of  its 
compounds.  It  is  commonly  met  with 
in  two  forms — that  of  a  compact,  brittle 
solid  ;  and  that  of  a  fine  powder.  It  is  of 
a  light  yellow  colour ;  and  when  melted 
emits  a  peculiar  odour.  It  is  insoluble 
in  water,  and  tasteless.  It  is  about 
double  the  weight  of  water,  its  specific 
gravity  being  1.98.  It  is  readily  melted 
and  volatilized,  and  begins  to  evaporate 
at  170°,  and  to  fuse  at  105°.  At  220° 
it  becomes  completely  fluid  ;  but  pos¬ 
sesses  the  peculiar  property  of  solidify¬ 
ing  at  a  higher  degree,  or  at  350°,  and 
of  again  melting  by  a  reduction  of  tem¬ 
perature.  It  sublimes  (this  term  is  used 
to  denote  the  evaporation  of  a  solid)  at 
600°;  and  condenses  into  the  form  of  a 
powder,  or,  as  it  is  termed,  of  flowers. 
When  poured  into  water,  in  the  state  of 
complete  fusion,  it  becomes  of  the  con¬ 
sistency  of  wax,  and  assumes  a  red 
colour  :  it  may  then  be  used  for  taking 
impressions  from  engraved  stones,  and 
hardens  upon  cooling. 

Sulphur  is  completely  soluble  in  boil¬ 
ing  oil  of  turpentine,  and  in  alcohol, 
when  the  two  substances  are  brought 
in  contact  in  the  state  of  vapour.  It  is 
inflammable  ;  that  is  to  say,  it  combines, 
when  ignited,  with  the  oxygen  of  the 
atmosphere  with  the  evolution  of  light 
and  heat.  It  burns  with  a  faint  blue 
light,  at  a  temperature  of  about  180°  or 
190°;  and  the  evolution  of  heat  is  so 
small,  that  it  may  be  burned  out  of 
gunpowder,  of  which  it  is  one  of  the 
principle  ingredients,  without  inflaming 
it.  At  a  temperature  of  300°,  however, 
its  combustion  is  more  rapid. 

Sulphur  and  Oxygen. 

Sulphurous  Acid. — 32. 

(1  S.  16  +  2  O.  16). 

(§  116.)  When  sulphur  is  burned  in 
dry  oxygen-gas,  there  is  no  increase  in 
volume;  but  at  common  temperature 
and  pressure,  a  colourless  transparent 
gas  is  formed,  which  is  distinguished 
from  all  other  clastic  fluids,  by  a  suffo- 
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eating  pungent  odour,  well  known  as 
the  smell  of  burning  brimstone.  It  may 
be  obtained  by  the  action  of  sulphuric 
acid  upon  mercury,  in  a  state  of  great 
purity.  The  mixture  may  be  put  into  a 
retort  and  heated,  but  the  gas  must  be 
received  over  mercury. 

It  is  called  sulphurous  acid  gas. 

($  117.)  It  extinguishes  all  burning 
bodies,  when  immersed  in  it,  and  can¬ 
not  itself  be  burned.  It  is  instantly 
fatal  to  animal  life.  It  assumes  the 
liquid  form  under  a  pressure  not  ex¬ 
ceeding  that  of  two  atmospheres ;  or  at 
the  degree  of  cold  produced  by  a  mix¬ 
ture  of  snow,  or  pounded  ice,  and  salt. 

It  first  reddens  blue  vegetable  colours, 
and  then  destroys  them ;  and  its  bleach¬ 
ing  powers  are  very  considerable.  The 
vapours  of  burning  sulphur  are  much 
used  in  whitening  silk  and  straw-work. 

One  hundred  cubic  inches  of  sul¬ 
phurous  acid  weigh  67.5  :  which  is  ex¬ 
actly  double  the  weight  of  an  equal 
quantity  of  oxygen  ;  so  that  the  weights 
of  sulphur  and  oxygen,  in  the  com¬ 
pound,  are  equal ;  and,  as  there  is  rea¬ 
son  to  suppose,  from  data  which  will  be 
hereafter  specified,  that  it  is  composed 
of  two  equivalents  of  oxygen  and  one  of 
sulphur,  the  number  of  the  latter  must 
be  16. 

Water  at  60°  dissolves  about  33  times 
its  bulk  of  sulphurous  acid ;  and  the 
solution  possesses  its  peculiar  odour  and 
taste,  which  is  astringent.  It  cannot, 
however,  be  preserved  any  length  of 
time  without  change. 

Sulphuric  Acid. — 40. 

(1  S.  16  +  3  O.  24). 

($  118.)  A  mixture  of  sulphurous  acid 
and  oxygen  gas  may  be  kept  for  any 
length  of  time  without  showing  any  fur¬ 
ther  disposition  to  combine,  provided 
they  are  quite  dry.  If  water  be  present, 
the  sulphurous  acid  will  gradually  unite, 
with  a  further  proportion  of  oxygen,  and 
the  compound,  which  is  sulphuric  acid, 
will  be  taken  up  by  the  water. 

Sulphuric  acid  is  an  article  of  great 
importance,  and  is  largely  consumed  in 
many  manufactures ;  and  there  are  se¬ 
veral  ways  of  procuring  it  for  com¬ 
merce. 

By  distilling,  at  a  high  heat,  the  salt 
called  green  vitriol  (which,  it  will  be 
hereafter  seen,  is  a  compound  of  sul¬ 
phuric  acid  and  protoxide  of  iron)  a 
dense,  oily,  colourless  liquid  may  be 
obtained ;  which  emits  white  vapours  on 
exposure  to  the  air.  If  this  liquid  be 
again  distilled,  at  a  lower  temperature, 


into  a  receiver  surrounded  with  pounded 
ice  or  snow,  a  transparent,  colourless 
vapour  will  pass  over,  which  will  con¬ 
dense  into  a  white  crystalline  solid.  It 
is  tough  and  elastic ;  liquefies  at  a  tem¬ 
perature  of  66°,  and  boils  at  about  110° 
or  120°.  It  has  a  strong  affinity  for 
water,  and  immediately  takes  it  from  the 
atmosphere.  This  solid  body,  there  is 
reason  to  suppose,  is  pure  awhydrous 
sulphuric  acid ;  but  there  are  some 
doubts  respecting  its  nature 

The  residue  in  the  retort  will  be  no 
longer  fuming,  and  is  the  common  oil 
of  vitriol  of  commerce. 

i/ycAo-sulphuric  acid  is  also  largely 
obtained  by  burning  a  mixture  of  about 
8  parts  of  sulphur  and  1  of  nitre,  in 
close  leaden  chambers,  containing  water. 
The  fumes,  as  they  rise,  are  dissolved ; 
and  the  acid  is  procured  in  a  concen¬ 
trated  state  by  evaporation  of  the  solu¬ 
tion.  The  hydro- sulphuric  acid,  or  oil 
of  vitriol,  is  a  colourless,  oily  fluid,  of  a 
specific  gravity,  when  most  concen¬ 
trated,  of  1 . 85  ;  at  which  density  it  con¬ 
tains  about  81  per  cent,  of  real  acid. 
It  boils  at  620°,  and  freezes  at  15°.  It 
rapidly  absorbs  moisture  from  the  air, 
and  may  be  mixed  with  water  in  any 
proportion  above  that  just  stated. 

(§  119.)  It  is  acrid,  caustic,  and  in¬ 
tensely  sour.  It  decomposes  animal  and 
vegetable  substances  rapidly  ;  probably 
from  its  great  affinity  for  water,  which 
is  an  essential  ingredient  of  their  com¬ 
position,  and  charcoal  is  produced.  It 
often  derives  a  brown  tinge  from  small 
particles  of  this  nature  falling  into  it. 
It  reddens  blue  vegetable  colours,  even 
when  very  largely  diluted.  When  sul¬ 
phuric  acid  is  passed  through  a  por¬ 
celain  or  platinum  tube,  heated  to  red¬ 
ness,  it  is  decomposed,  and  two  measures 
of  sulphurous  acid  to  one  of  oxygen  are 
obtained.  Its  composition  is  therefore, 

1  equivalent  of  sulphur  .  16 

3  ditto  of  oxygen  ...  24 

and  the  number  of  the  anhy¬ 
drous  acid  is . 40 

If  we  add  to  these  proportions  1 
equivalent  of  water,  we  shall  have  for 
the  composition  of  the  hydro-sulphuric 
acid, 

1  equivalent  of  sulphur  .  16 

3  ditto  oxygen  ...  24 

1  ditto  water  ...  9 

and  its  number  ....  49 

in  which  the  water  b  in  the  same  pro- 
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portion,  19  per  cent.,  as  in  the  acid  of 
the  specific  gravity  1 . 83. 

Hypo- Sulphurous  Acid. — 24. 

(1  S.  16  +  1  O.  8.) 

(§  120.)  When  iron  filings  are  digested 
in  a  solution  of  sulphurous  acid,  they 
are  dissolved  without  effervescence;  the 
iron  takes  half  the  oxygen  from  the 
sulphur,  and  an  acid  is  formed  with 
the  other  half,  which  combines  and 
forms  a  salt  with  the  oxide  of  iron  so 
produced. 

This  acid  has  been  called  the  hypo- 
sulphurous,  upon  the  principle  of  no¬ 
menclature  before  explained  (§  60.)  It 
cannot  be  exhibited  in  a  separate  state  ; 
for  at  the  moment  of  quitting  the  base 
with  which  it  is  united,  it  is  resolved 
into  sulphurous  acid  and  sulphur.  It  is 
a  compound  of 

1  equivalent  of  sulphur  .  16 

1  ditto  of  oxygen  ...  8 

and  its  number  is  .  .  .  24 

Hypo- Sulphuric  Acid. — 72. 

(2  S.  32  +  5  0.  40.) 

(§  121.)  By  passing  sulphurous  acid 
through  water,  in  which  finely-pounded 
peroxide  of  manganese  is  suspended  by 
agitation,  the  percxide  yields  part  of  its 
oxygen  to  the  acid,  and  converts  one 
portion  into  sulphuric  acid,  and  another 
into  a  peculiar  acid,  which  has  been 
called  the  A^so-sulphurfc.  The  process 
for  exhibiting  the  latter,  in  a  separate 
form,  is  complicated,  and  we  shall  for 
the  present  postpone  its  consideration. 

It  is  obtained  in  a  liquid  form,  it 
reddens  litmus  paper,  but  has  no  smell, 
by  which  it  is  distinguished  from  sul¬ 
phurous  acid ;  and  it  forms  soluble  salts 
with  oxide  of  lead,  and  other  substances, 
whose  combinations  with  sulphuric  acid 
are  insoluble. 

The  results  of  its  analysis  shew  it  to 
be  a  compound  of 

2  equivalents  of  sulphur  .  32 

5  ditto  of  oxygen  .  .  .40 

and  its  number  is  .  .  .72 

Sulphur  and  Hydrogen. 

Sulphuretted  Hydrogen. — 17. 

(.1  S.  16  +  1  II.  1.) 

(§  122«)  By  repeatedly  subliming  sul¬ 


phur  in  hydrogen  gas,  a  combination  be¬ 
tween  the  two  elements  takes  place,  with¬ 
out  change  of  volume ;  and  a  gas  is 
formed,  to  which  the  name  of  sulphu¬ 
retted  hydrogen  has  been  given.  It  may 
be  produced  in  abundance,  by  acting 
upon  sulphuret  of  iron  (which  may  be 
formed  by  melting  together  sulphur  and 
iron  filings)  with  sulphuric  acid.  It  is 
quickly  absorbed  by  water,  but  may  be 
collected  in  glass  bottles  filled  with  that 
liquid,  and  provided  with  glass-stoppers, 
which  must  be  inserted  the  moment  they 
are  filled  with  the  gas. 

(§  123.)  It  is  colourless  and  transpa¬ 
rent.  Its  smell  is  very  offensive,  and 
resembling  that  of  putrifying  eggs,  or  the 
washings  of  a  foul  gun-barrel :  its  taste 
is  acid. 

It  is  highly  poisonous,  and  a  horse  has 
been  known  to  perish  in  an  atmosphere 
which  contained  no  more  than  1 -250th 
part  of  it. 

It  is  inflammable ;  and,  like  hydrogen, 
burns  either  silently,  or  with  explosion, 
according  to  the  circumstances  of  its 
mixture  with  oxygen.  It  instantly  ex¬ 
tinguishes  all  burning  bodies. 

It  tarnishes  silver,  gold,  and  mercury, 
and  blackens  white  paint  made  with  pre¬ 
parations  of  lead.  Its  solution  in  water 
acquires  the  taste  and  peculiar  smell  of 
the  gas,  and  reddens  blue  vegetable  co¬ 
lours.  Some  mineral  waters,  as  those  of 
Harrogate,  are  impregnated  with  this 
gas.  Two  measures  of  sulphuretted  hy¬ 
drogen  require  three  of  oxygen  for  their 
complete  decomposition,  one  measure 
of  which  saturates  the  two  of  hydro 
gen,  and  the  other  two  the  sulphur  ; 
water  and  sulphurous  acid  are  the  pro¬ 
ducts. 

Now,  100  cubic  inches  of  hydrogen 
weigh  2.11  grains,  and  100  cubic  inches 
of  sulphuretted  hydrogen  36  grains  ;  and 
as  the  sulphur  is  taken  up  by  the  hy¬ 
drogen  without  change  of  bulk,  if  we  de¬ 
duct  the  weight  of  the  latter,  the  re¬ 
mainder  33.89  will  be  the  weight  of  the 
sulphur,  and 2. 11  :  33.89  ::  1  :  16,  which 
makes  the  equivalent  of  sulphur,  as  we 
before  stated  (§  117)  16. 

It  follows  also  that  sulphuretted  hy> 
drogen  is  composed  of 

1  equivalent  of  sulphur  .  16 

1  ditto  hydrogen  i 


and  that  its  number  is 
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Hi  sulphuretted  Hydrogen—  33. 

(2  S.  32  +  1  H.  1.) 
if  124.)  A  second  combination  of  sul¬ 
phur  with  hydrogen  is  known,  of  which 
the  proportion  of  sulphur  is  double  that 
of  the  last  compound.  It  may  be  pro¬ 
duced  as  follows : — Boil  together  a  strong 
solution  of  potash  with  flowers  of  sul¬ 
phur,  and  gradually  drop  the  product 
into  muriatic  acid  ;  a  small  quantity  of 
sulphuretted  hydrogen  will  be  given  off, 
and  an  oil-like,  adhesive,  brown  fluid, 
the  bisulphuretted  hydrogen ,  will  fall 
to  the  bottom  of  the  vessel:  a  large 
quantity  of  sulphur  will,  at  the  same 
time,  be  precipitated. 

(f  125.)  Its  smell  and  taste  greatly 
resemble  those  of  sulphuretted  hydro¬ 
gen  :  it  is  inflammable,  and  gives  off 
fumes  of  sulphurous  acid  during  its 
combustion.  It  is  heavier  than  water, 
and  many  of  its  properties  are  analo¬ 
gous  to  those  of  acids.  It  may  be  de¬ 
composed  by  a  gentle  heat :  sulphuretted 
hydrogen  is  given  off,  and  sulphur  re¬ 
mains. 

Sulphur  and  Chlorine. 

Chloride  of  Sulphur. — 52. 

(1  S.  16  +  1  C.  36.) 

($  26.)  Sulphur  may  be  united  di¬ 
rectly  with  chlorine,  by  passing  a  cur¬ 
rent  of  the  gas  over  it  in  a  state  of  minute 
iivision,  and  at  a  gentle  heat  Ten 
grains  of  the  flowers  will  thus  absorb 
nearly  30  cubic  inches  ;  which  is  nearly 
in  the  proportion  of  16  to  36,  the 
weights  of  the  respective  equivalents  of 
the  two  bodies. 

(§  127.)  Chloride  of  sulphur  is  a 
volatile  fluid,  of  a  red  colour  by  re¬ 
flected  light,  but  green  by  transmitted 
light.  It  rises  in  vapour  at  a  tempe¬ 
rature  below  200° ;  and  emits  fumes 
which  affect  the  eyes,  and  occasion  a 
flow  of  tears.  Its  specific  gravity  is 
1.6.  It  does  not  redden  the  colour  of 
dry  litmus  paper ;  but,  when  shaken  up 
with  water,  a  kind  of  ebullition  and 
great  disengagement  of  heat  take  place  ; 
sulphur  is  precipitated,  and  the  liquid 
is  found  to  consist  of  a  solution  of 
muriatic,  sulphurous,  and  sulphuric 
acids.  In  this  process  the  water  is  de¬ 
composed  ;  its  hydrogen  passing  to  the 
chlorine,  and  forming  muriatic  acid  ; 
and  the  oxygen  to  the  sulphur,  with 
which  it  forms  the  latter  acids. 

Sulphur  and  Nitrogen. 

(§  128.)  There  is  no  known  compound 
of  sulphur  with  nitrogen. 


Sulphur  witii  Bromine  and  Iodine. 

($  129.)  Sulphur  unites  directly  with 
iodine  at  a  gentle  heat,  and  probably 
enters  into  a  similar  combination  with 
bromine.  The  precise  composition, 
however,  of  the  compounds  is  unknown. 
The  iodide  of  sulphur  is  a  black,  ra¬ 
diated  solid,  easily  decomposable  by 
heat :  the  iodine  rising  in  vapour  at  a 
temperature  but  little  above  that  at 
which  the  two  bodies  combine. 

Phosphorus. — 12.  ? 

($  130.)  Phosphorus  has  never  yet  been 
found  in  nature  in  its  simple  form,  but 
may  be  obtained  by  the  following  pro¬ 
cess,  the  explanation  of  which  will  be 
given  upon  a  future  occasion. 

Take  a  quantity  of  bones  that  have 
been  calcined  (burnt  in  an  open  fire), 
reduce  them  to  a  fine  powder,  and 
digest  them  for  two  or  three  days  with 
half  their  weight  of  concentrated  sul¬ 
phuric  acid  ;  adding  as  much  water  as 
may  give  the  mixture  the  consistence  of 
a  thin  paste.  At  the  expiration  of  the 
time  twice  the  bulk  of  boiling  water 
must  be  stirred  up  with  it,  and  the 
liquid  separated  by  filtration.  The  solu¬ 
tion,  which  will  be  very  acid,  is  then  to 
be  evaporated  to  the  thickness  of  syrup, 
mixed  with  one- fourth  its  weight  of 
charcoal  in  powder,  and  strongly  heated 
in  an  earthen  retort ;  the  beak  of  which 
must  be  plunged  under  water.  The 
heat  must  be  slowly  raised  till  it  be¬ 
comes  very  intense.  A  large  quantity 
of  gas  will  escape  during  the  process, 
and  spontaneously  inflame  upon  passing 
through  the  water  into  the  air,  and  the 
phosphorus  will  distil  over  in  drops, 
and  congeal  in  the  water.  The  process 
is  troublesome,  and  not  unaccompanied 
with  danger  in  unskilful  hands. 

($  131.)  Phosphorus,  as  thus  ob¬ 
tained,  is  a  soft  solid,  of  a  flesh-red 
colour  ;  but,  when  purified  by  a  second 
distillation,  may  be  obtained  colourless 
and  perfectly  transparent.  Its  specific 
gravity  is  1.77.  It  is  highly  inflam¬ 
mable,  and  it  is  necessary  to  preserve  it 
under  water  in  well-closed  bottles.  It 
may  be  readily  cut  with  a  knife.  When 
air  is  carefully  excluded  it  melts  at  about 
110°,  and  boils  at  550°  of  Fahrenheit. 
In  melting,  it  is  necessary  to  keep  it 
under  water,  to  prevent  it  from  bursting 
into  flame.  It  may  be  set  on  fire  by 
friction,  as  is  commonly  known  from  the 
phosphorus  bottles,  in  which  it  is  em¬ 
ployed  for  the  purpose  of  obtaining  in¬ 
stantaneous  light.  It  is  tasteless,  and 
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insoluble  in  water,  but  proves  highly 
poisonous  when  taken  into  the  stomach. 

In  the  atmosphere,  it  emits  a  light 
smoke  and  peculiar  smell,  not  unlike 
that  of  garlic ;  and  a  pale  greenish,  very 
beautiful  light  arises  from  it  in  the  dark. 
This  is  owing  to  a  slow  combustion ;  and 
if  a  stick  of  phosphorus  be  confined  in 
a  jar  full  of  common  air  over  water,  the 
whole  of  the  oxygen  will  gradually  dis¬ 
appear,  and  the  nitrogen  remain.  It  is 
soluble  in  oils,  and  communicates  to 
them  the  property  of  shining  in  the  dark. 
In  pure  nitrogen  it  is  not  luminous  at 
any  temperature. 

There  are  some  doubts  with  regard  to 
the  proportion  in  which  this  element 
enters  into  combination  ;  owing  to  some 
peculiar  difficulties  in  the  analysis  of  its 
compounds.  Such  topics  of  contro¬ 
versy  it  is  impossible  for  us,  as  we  have 
before  stated,  to  enter  upon  in  a  work 
like  the  present ;  but  we  must  content 
ourselves  with  giving,  in  this  and  simi¬ 
lar  instances,  that  explanation  of  the 
facts  which  appears  to  us  the  best  sup¬ 
ported  by  the  evidence. 

Phosphorus  and  Oxygen. 

Phosphorous  Acid. — 20. 

(1  P.  12  +  1  O.  8.) 

($  132.)  The  product  of  the  slow 
combustion  above  described  is  a  mix¬ 
ture  of  phosphorous  and  phosphoric 
acids,  and  may  be  obtained  by  placing 
two  or  three  sticks  of  phosphorus 
in  a  funnel  set  upon  an  empty  bottle 
a  highly  acid  liquid  may  thus  be  col] 
lected,  consisting  of  a  solution  of  the 
two  acids  in  the  water,  which  they 
attract  from  the  atmosphere.  No  good 
process,  however,  is  known  by  which 
they  may  be  separated ;  and  the  pure 
phosphorous  acid  is  best  obtained  by 
passing  the  vapour  of  phosphorus 
through  a  substance,  before  referred  to 
($  23),  called  corrosive  sublimate, 
heated  in  a  glass  tube.  The  liquid  pro¬ 
duct  is  to  be  mixed  with  water,  and 
heated  till  it  becomes  of  the  consist¬ 
ence  of  syrup.  It  is  then  a  com 
pound  of  pure  phosphorous  acid  and 
water,  which  crystallizes  on  cooling. 
The  process  will  be  explained  hereafter. 
When  phosphorus  is  heated  in  highly 
rarefied  air,  a  white  powder  forms  upon 
it,  which  is  volatile,  and  supposed  to  be 
the  phosphorous  acid  in  its  anhydrous 
state:  when  heated  in  the  open  air,  it 
takes  fire,  and  it  readily  dissolves  in 
water,  to  which  it  communicates  an 
intensely  sour  taste. 


(§  133.)  f/ydro-phosphorous  acid  emits 
a  disagreeable  odour,  and  yields,  when 
heated,  penetrating  white  vapours.  It 
has  a  strong  tendency  to  unite  with  a 
further  proportion  of  oxygen,  which  it 
absorbs  slowly  from  the  air,  and  be¬ 
comes  converted  into  phosphoric  acid. 
The  investigation  of  the  composition  of 
this  acid  is  one  of  considerable  difficulty; 
but  the  most  probable  inference  from 
experiment  is,  that  it  is  constituted  of 
one  equivalent  of  phosphorus,  and  one 
of  oxygen,  and  that  its  number  conse¬ 
quently  is  20. 


Phosphoric  Acid. — 28. 

(1  P.  12  +  2  O.  16.) 

($  134.)  We  have  already  stated  (§  39) 
that  phosphorus  burns  in  oxygen  gas 
with  a  splendour  which  the  eye  cannot 
bear.  Its  inflammation  also  in  atmo¬ 
spheric  air  is  brilliant  and  violent.  In 
each  case,  copious  white  vapours  are 
produced,  which  fall  like  snow  to  the 
bottom  of  the  vessel  in  which  the  experi¬ 
ment  is  conducted.  This  is  pure,  anhy¬ 
drous,  phosphoric  acid. 

It  may  also  be  more  conveniently 
formed  by  the  action  of  phosphorus  on 
nitric  acid.  Small  fragments  should  be 
cautiously  dropped  into  the  acid,  gently 
heated  in  a  retort.  The  latter  is  decom¬ 
posed  ;  the  action  is  very  violent,  and  a 
large  quantity  of  deutoxide  of  nitrogen  is 
disengaged,  a  portion  of  the  oxygeni 
with  which  it  was  previously  combined 
($71)  passing  by  elective  affinity  to  the 
phosphorus.  The  solution  obtained  byl 
this  process  is  to  be  evaporated  to  dry-] 
ness :  in  which  state  it  consists  of  phos-| 
phoric  acid,  united  with  a  proportion  o  ‘ 
water.  Solid  phosphoric  acid  may  bel 
united  whth  water  in  any  proportionj 
beyond  20  per  cent.;  but,  on  heatin 
the  solution  in  a  platinum  vessel,  th 
greater  part  of  the  water  may  be  ex 
pelled  :  the  residue  fuses  at  a  low  re 
heat,  and  concretes  on  cooling  into  si 
kind  of  glass  to  which  the  name  o:| 
glacial  phosphoric  acid  was  former! 
given.  It  volatilizes  unchanged  at 
high  temperature,  and  is  a  compound  o 
3  equivalents  phosphoric  acid.  36 
1  ditto  of  water  .  .  9 
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100  grains  of  phosphorus  have  beel 
found,  from  the  most  careful  experir 
ments,  to  condense,  by  the  first  process 
135  grains  of  oxygen,  which  is  ver| 
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nearly  in  the  proportion  of  12  to  16, 
or  of 

1  equivalent  phosphorus  .  .  12 

2  ditto  oxygen  .  .  .16 

28 

It  is  a  deliquescent  substance,  and 
dissolves  in  water,  with  a  hissing  noise. 
It  is  inodorous,  very  sour,  and  volatile 
at  a  bright  red  heat. 

The  acid  obtained  by  the  decomposi¬ 
tion  of  bones  for  the  manufacture  of 
phosphorus,  as  above  described  (§  130), 
consists  of  phosphoric  acid,  which  in 
that  process  is  decomposed  by  the  char¬ 
coal  ;  giving  up  its  oxygen  to  superior 
affinity,  at  a  high  temperature,  and  dis¬ 
engaging  the  inflammable  element. 

Hypo-phosphorous  Acid.. — 32. 

(2  P.  24  +  1  0.8.) 

($  135.)  A  third  compound  of  phos¬ 
phorus  and  oxygen  may  be  formed,  by 
acting  upon  water  with  a  substance, 
hereafter  to  be  described,  called  phos- 
phuret  of  barytes.  An  insoluble  preci¬ 
pitate  is  formed,  from  which  the  liquid 
is  to  be  separated  by  filtration.  To  this 
solution  sulphuric  acid  is  carefully  added 
as  long  as  any  precipitate  is  formed.  The 
sour  liquid  which  remains,  after  a  se¬ 
cond  filtration,  is  to  be  concentrated  by 
evaporation,  when  a  viscous,  uncrys- 
tallizable,  acid  fluid  will  be  obtained,  to 
which  the  name  of  hypo-phosphorous 
acid  (§  60)  has  been  given.  Its  analysis 
proves  that  it  contains  less  oxygen  than 
the  phosphorous  acid,  and  that  it  is 
most,  probably  a  compound  of 

2  equivalents  of  phosphorus  24 

1  ditto  of  oxygen  .  8 

32 

PHOSPHORUS  AND  HYDROGEN. 

Proto  -phosphuretted  Hydrogen — 14*. 

(1  P.  12  +  2  H.  2). 

(§  136.)  Whbn  the  solid  hydro-phos¬ 
phorous  acid  ($  132)  is  heated  in  close 
vessels,  out  of  the  contact  of  the  air,  a 
large  quantity  of  gaseous  fluid  is  given 
off,  and  may  be  collected  in  the  usual 
way  over  water;  which,  however,  ab¬ 
sorbs  about  one-eighth  of  its  volume. 
By  this  process,  the  water  in  the  hydro- 
phosphorous  acid  is  decomposed  :  part 
of  the  phosphorus  combines  with  a 


*  The  prefixes  and  per  denote  the  lowest  and 
highest  decree  m  which  one  body  unite*  with  another. 


further  portion  of  oxygen  at  its  expense, 
and  becomes  converted  into  phosphoric 
acid  ;  while  another  portion  unites  with 
the  hydrogen,  and  forms  the  proto- 
phosphuretted  hydrogen. 

(§  137.)  This  gas  is  colourless,  and 
possesses  a  very  disagreeable  smell.  It 
does  not  spontaneously  inflame  when 
brought  into  contact  with  atmospheric 
air ;  but  when  mixed  with  it,  or  pure  oxy¬ 
gen,  it  detonates  violently  with  the  elec¬ 
tric  spark,  or  when  heated  to  3(10°  of  Fail. 
100  cubic  inches  weigh  about  29.5  grs. 
One  part  of  it  in  volume  requires  two 
parts  of  oxygen  for  its  complete  com¬ 
bustion  ;  one  volume  of  which  unites 
with  the  hydrogen,  which,  in  the  com¬ 
pound,  is  condensed  into  half  its  bulk, 
and  the  remaining  volume  unites  with 
the  phosphorus,  and  forms  phosphoric 
acid.  Its  constitution  therefore  is 

1  equivalent  phosphorus  .  12 

2  ditto  hydrogen  .  .  2 

14 

The  condensation  of  the  two  volumes 
of  hydrogen  into  one,  may  be  shewn 
by  heating  sulphur  in  this  gas  :  decom¬ 
position  ensues,  a  double  volume  of 
sulphuretted  hydrogen  is  produced,  and 
a  combination  of  sulphur  and  phospho¬ 
rus  precipitate.d 

Per-phosphuretted  Hydrogen. — 13. 

(1  P.  12  +  1  H.  1). 

(§  138.)  A  second  compound  of  phos¬ 
phorus  and  hydrogen  may  be  obtained 
in  the  following  manner:  —  Into  five 
parts  of  water  put  half  a  part  of  phos¬ 
phorus  cut  very  small ;  add  one  part  of 
granulated  zinc,  and  three  parts  of 
strong  sulphuric  acid.  The  gas  will  he 
disengaged  in  small  bubbles,  which 
spontaneously  take  fire  as  they  reach 
the  air  upon  the  surface  of  the  fluid. 
This  is  a  very  beautbul  experiment. 
The  gas  may  also  be  obtained  by  boil¬ 
ing  phosphorus  in  a  small  retort,  with 
a  hot  solution  of  potash,  which  should 
entirely  fill  the  vessel.  The  neck  of  the 
retort  being  made  to  dip  into  a  small 
bowl  filled  with  the  same  solution,  the 
gas,  as  it  is  extricated,  gradually  expels 
the  liquid  from  the  neck,  and  inflames 
when  allowed  to  escape  into  the  air ;  or 
may  be  collected  in  small  quantities 
under  a  bell  glass,  also  filled  with  the 
alkaline  solution.  Some  caution  is 
required  in  collecting  the  gas  for  ex¬ 
amination  ;  and  at  the  commencement 
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of  the  process,  it  should  be  generated 
very  slowly,  that  any  air  contained  in 
the  apparatus  may  not  be  too  suddenly 
decomposed. 

($  139.)  Perphosphuretted  hydrogen 
is  a  colourless  gas,  possessing  a  highly 
offensive  smell,  resembling  that  of  gar¬ 
lic.  It  is  very  slightly  soluble  in  water: 
1U0  cubic  inches  of  it  weigh  about  27.5 
grains. 

Its  most  peculiar  property  is  that  of 
spontaneously  inflaming  on  mixture 
with  air  or  oxygen  gas.  This  inflam¬ 
mation  is  accompanied  by  a  very  beau¬ 
tiful  appearance.  After  the  explosion, 
a  circular,  horizontal  ring-  of  dense  white 
smoke  rises  in  the  air,  which  preserves 
its  form  for  a  long  time,  and  increases 
its  diameter  as  it  ascends.  Phosphoric 
acid  and  water  are  the  products  of  its 
combustion.  It  deposits  phosphorus 
when  allowed  to  stand  some  time  in  a 
glass  receiver,  and  may  be  resolved  into 
its  elements  by  passing  through  it  a 
succession  of  electric  sparks  :  phos¬ 
phorus  is  precipitated  and  an  equal  bulk 
of  pure  hydrogen  remains. 

If,  therefore,  from  the  weight  of  100  cu¬ 
bic  inches  of  perphosphuretted  hydrogen 
27 . 5  grains,  we  deduct  the  weight  of  an 
equal  bulk  of  hydrogen,  2 . 1  grains, 
($41),  the  remainder  25.4  will  be  the 
weight  of  the  phosphorus  in  the  com¬ 
pound:  which  is  very  nearly  in  propor¬ 
tion  of  the  two  equivalents 

1  equivalent  phosphorus  .  12 
1  ditto  hydrogen  .  .  1 

13 

When  sulphur  is  heated  in  this  gas  an 
equal  volume  only  of  sulphuretted  hy¬ 
drogen  is  the  result. 

Phosphorus  and  Chlorine. 

Proto-chloride  of  Phosphoi-us. — 48. 

(1  P.  12  +  1  C.  36). 

(§  140.)  We  have  already  stated  ($  132) 
that,  by  passing  the  vapour  of  phos¬ 
phorus  over  corrosive  sublimate  heated 
in  a  glass  tube,  a  liquid  product  is  ob¬ 
tained  :  this  is  a  combination  of  phos¬ 
phorus  and  chlorine. 

(§  141.)  It  is  transparent  and 
colourless,  of  the  specific  gravity  of 
1.45.  It  does  not  affect  the  colour 
of  dry  litmus  paper ;  but  the  fumes, 
which  it  gives  off  in  abundance,  are 
acid,  owing  t_  trie  contact  with  the 
moisture  of  the  atmosphere.  It  acts 
energetically  upon  water  ;  the  hydrogen 
combining  with  the  chlorine  and  form¬ 


ing  muriatic  acid,  and  the  oxygen  with 
the  phosphorus,  by  which  the  phos¬ 
phorous  acid  is  produced  as  before 
described  (§  132)  ;  in  which  process  the 
muriatic  acid  is  driven  off  by  heat,  and 
pure  phosphorous  acid  remains. 

From  the  most  careful  experiments 
it  appears,  that  the  proto-chloride  of 
phosphorus  is  a  compound  of 

*1  equivalent  phosphorus  .  12 

1  ditto  chlorine  .  .  36 

48 

Per -chloride  of  Phosphorus. — 84. 

(1  P.  12+2  C.  72.) 

(§  142.)  When  phosphorus  is  intro¬ 
duced  into  chlorine  it  inflames  sponta¬ 
neously,  and  burns  with  a  pale  flame. 
The  product  is  a  white  solid,  which 
condenses  upon  the  sides  of  the  vessel. 

($  143.)  It  is  volatile  at  a  tempera¬ 
ture  below  212°;  but  may  be  fused 
under  pressure,  and  crystallizes  in  cool¬ 
ing.  It  acts  with  violence  upon  water, 
forming  with  its  elements  muriatic  and 
phosphoric  acids. 

One  grain  of  phosphorus  unites  with 
six  of  chlorine,  when  burned  in  that 
gas ;  which  is  in  the  exact  proportion  of 

1  equivalent  phosphorus  .  12 

2  ditto  chlorine  .  .  72 

84 

Phosphorus  and  Iodine. 

Iodide  of  Phosphorus. 

(§  144.)  Phosphorus  and  iodine  very 
readily  enter  into  combination  by  mere 
contact  in  the  cold  :  during  their  action 
on  each  other  much  heat  is  given  out ; 
but  the  nature  of  the  product  has  not 
been  minutely  examined.  When  the 
iodide  is  thrown  into  water,  hydriodic 
and  phosphoric  acids  are  formed,  and  it 
is  by  this  process  that  the  former  is  best 
obtained,  ($  110.) 

Phosphorus  and  Sulphur. 

Phosphuret  of  Sulphur. 

($  145.)  Phosphorus  and  sulphur  act 
with  great  violence  on  each  other,  and, 
it  is  probable,  give  rise  to  various  com¬ 
pounds,  in  different  proportions,  which 
have  not  been  completely  examined. 
The  combination  may  be  effected  by 
agitation  under  water,  the  temperature 
of  which  should  not  exceed  140°  or  169° 
of  Fahrenheit.  The  compound  has  a 
reddish-brown  colour,  and  is  fluid  about 
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40°  of  Fahrenheit,  or  at  the  average 
temperature  of  the  atmosphere.  It  does 
not  act  on  water.  It  is  more  inflamma¬ 
ble  than  phosphorus,  and  forms  a  good 
composition  for  phosphoric  fire-matches. 
It  may  be  distilled  unchanged  at  a  strong 
beat. 

(§  146.)  It  may  here  be  stated,  that 
(he  chemical  nomenclature  which  desig¬ 
nates  the  binary  compounds  of  sub¬ 
stances  of  the  electro-negative  class, 
which  are  not  acid,  by  the  termination 
ide,  as  oxide,  chloride,  bromide,  &c., 
distinguishes  by  the  termination  uret 
analogous  combinations  of  substances 
of  the  electro- positive  class,  which  are 
not  of  a  metallic  nature.  Thus  we  have 
phoephuret,  sulphur et,  carburet,  8cc. ; 
the  further  application  of  which  we 
shall  become  acquainted  with  as  we 
proceed. 

Selenium. — 40. 

($  147.)  Selenium  is  another  of 
those  rare  substances,  hitherto  unde¬ 
composed,  with  which  the  rapid  progress 
of  chemistry  has  lately  made  us  ac¬ 
quainted.  Neither  the  utility  nor  the 
interest  of  the  subject  will  require  us  to 
describe  at  length  the  combinations  of 
an  element  which  many  accomplished 
chemists  have  never  had  an  opportunity 
of  seeing. 

In  the  process  for  obtaining  sulphuric 
acid  at  Fahlun  in  Sweden,  from  a  natu¬ 
ral  combination  of  sulphur  and  iron, 
called  pyrites,  it  was  observed,  that  a 
reddish  mass  was  deposited,  which,  in 
burning,  gave  out  a  peculiar  odour.  The 
principal  portion  of  the  mass  was  sulph  ur; 
but  with  it  was  mixed  avery  minute  quan¬ 
tity  of  the  substance  to  which  the  name 
of  selenium  has  been  given.  Selenium, 
at  common  temperatures,  is  a  brittle 
solid  of  a  brown  colour  and  metallic 
fracture :  it  has  neither  taste  nor  smell. 
When  pounded,  the  particles  stick  to¬ 
gether,  and  its  powder  has  a  deep  red 
colour.  It  melts  at  a  few  degrees  above 
the  boiling  point  of  water;  and,  when 
warm,  is  very  ductile,  and  may  be  drawn 
into  fine  threads ;  which  are  red  by 
transmitted,  but  grey  by  reflected  light. 
It  boils  at  a  temperature  of  about  600°, 
and  condenses  either  in  opaque  metallic 
drops,  or,  when  large  vessels  are  used, 
in  flowers  of  the  colour  of  cinnabar. 
Its  vapour  has  a  deep  yellow  colour. 
When  heated  in  the  flame  of  a  candle, 
urged  by  a  current  of  air  from  a  blow¬ 
pipe,  it  emits  a  strong  smell  of  horse¬ 
radish 


Selenium  and  Oxygen. 

Selenic  Acid.— 56.  (1  S.40  +  2  0. 16.) 

(§  148.)  The  peculiar  smell  of  horse¬ 
radish  arises  from  the  combination  of 
selenium  with  oxygen,  which  is  formed 
by  heating  this  substance  in  contact 
with  atmospheric  air:  this  is  probably 
an  oxide  of  selenium.  But  when  sele¬ 
nium  is  dissolved  in  nitric  acid,  and  the 
solution  evaporated,  so  as  to  expel  the 
excess  of  that  acid,  a  white  saline  mass 
remains,  which  may  be  sublimed  by 
raising  the  temperature,  the  colour  of 
the  vapour  closely  resembling  that  of 
chlorine.  The  sclenic  acid  crystallizes 
in  needles  in  the  colder  part  of  the  ap¬ 
paratus. 

($  149.)  Selenic  acid  has  a  sour,  and 
slightly  burning,  taste  :  it  is  very  soluble 
both  in  water  and  alcohol.  It  is  readily 
decomposed  by  all  substances  which 
have  a  strong  attraction  for  oxygen.  If 
sulphurous  acid  be  passed  into  its  solu¬ 
tion,  pure  selenium  will  be  thrown  down 
in  the  state  of  a  red  powder,  and  sul¬ 
phuric  acid  formed.  It  may  be  likewise 
precipitated  by  the  immersion  of  plates 
of  zinc  or  polished  iron. 

Selenic  acid  is  composed  of 

1  equivalent  of  selenium  .  4  0 

2  ditto  of  oxygen  ....  16 

56 

Chapter  IV. 

On  the  Non- Metallic  Fixed  Elements 
— Carbon,  Silicon,  and  Boron  ;  and 
their  Binary  Compounds. 

($  150.)  Following  up  the  arrange¬ 
ment  which  we  have  adopted  as  con¬ 
venient,  and  with  the  hopes  that,  from 
its  strong  contrasts,  it  will  be  easily  re¬ 
tained  by  the  memory,  we  come  now  to 
a  class  of  substances  which  are  totally 
unaffected  by  any  changes  of  tern]  era- 
ture,  to  which  the  art  of  man  has  yet 
been  able  to  expose  them,  and  are  only 
known  in  the  solid  form:  they  can  be 
neither  fused  nor  volatilized,  and  are, 
therefore,  designated  as  fixed.  They  have 
been  called  Carbon,  Silicon,  and  Boron  : 
they  are  bad  conductors  of  heat,  and 
the  first  alone  (and  that  not  in  its  purest 
form)  is  a  conductor  of  electricity. 

After  describing  the  mode  of  obtain¬ 
ing  each  of  these  substances  and  its  dis¬ 
tinctive  characters,  we  shall  describe 
such  of  its  known  binary  combinations, 
with  the  preceding  elements,  as  possess 
any  interest,  either  from  their  striking 
properties,  their  illustrations  of  the  laws 
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of  chemical  affinity,  or  their  application 
to  the  arts. 

Carbon.—  6. 

(§  15 J.)  Carbon,  although  but  rarely 
met  with  pure  and  uncombined,  is  one 
of  the  most  important  elements  in 
nature :  its  various  compounds  are  more 
generally  and  abundantly  distributed 
than  those  of  any  other  substance,  and 
it  may  be  said  to  form  the  basis  of  the 
whole  organic  creation. 

Carbon  is  well  known  by  the  names 
of  diamond  and  charcoal,  which  two 
substances,  although  so  different  and 
almost  opposite  in  physical  characters, 
it  is  probable,  from  the  most  unex¬ 
ceptionable  experiments,  are  chemically 
the  same. 

($  152.)  Diamonds  have  been  chiefly 
found  in  the  East  Indies  and  Brazil,  dis¬ 
seminated  in  gravel  or  imbedded  in 
sand-stone.  They  are  considered  as 
gems  of  the  highest  value.  Their  crys¬ 
talline  texture  gives  them  a  decree  of 
hardness  which  is  beyond  that  of  any 
other  known  substance.  They  are  trans¬ 
parent,  and  of  various  colours;  and 
their  specific  gravity  varies  from  3.4  to 
3.6.  Diamond,  when  subjected  to  the 
most  intense  heat  in  close  vessels,  un¬ 
dergoes  no  change  ;  but,  if  strongly 
heated  in  Ihe  open  air,  is  entirely  con¬ 
sumed.  If  this  experiment  be  made  in 
pure  oxygen  gas,  the  diamond  will  be 
burnt,  the  oxygen  will  disappear,  and 
an  equal  bulk  of  carbonic  acid  gas  re¬ 
main,  whose  properties  will  be  presently 
described.  The  product  of  the  com¬ 
bustion  is  precisely  the  same  as  that  of 
an  equal  weight  of  pure  charcoal  under 
the  same  circumstances. 

(§  153.)  Charcoal  may  be  obtained  free 
from  impurity,  by  burying  pieces  of 
wood  in  sand  in  a  crucible  or  other  con¬ 
venient  vessel,  and  exposing  them  for 
about  an  hour  to  a  very  intense  heat. 
It  is  prepared,  in  the  large  way,  by  the 
distillation  of  wood  in  cast-iron  cylin¬ 
ders  ;  or,  more  roughly,  by  building  up 
piles  of  wood  in  a  pyramidical  form, 
covering  them  over  with  clay  or  other 
earth,  and  leaving  a  few  air-holes,  which 
are  closed  as  soon  as  the  masses  are 
well  lighted.  It  may  be  also  procured 
in  ihe  state  of  an  impalpable  powder, 
by  passing  the  vapour  of  alcohol 
through  a  tube  heated  to  redness. 

Charcoal,  formed  from  wood,  is  a 
black,  brittle  solid,  easily  pulverized, 
perfectly  insipid  and  free  from  smell. 
It  is  insoluble,  and  is  unchanged  by  any 
degree  of  heat  in  close  vessels.  It  burns 


readily  in  atmospheric  air,  and  with 
great  splendour  in  oxygen  gas :  the  pro¬ 
duct  being  pure  carbonic  acid  and  a 
little  water ;  the  latter  arising  from  a 
minute  proportion  of  hydrogen,  which 
the  charcoal  retains  with  great  obstinacy. 

Fresh  prepared  charcoal  has  the  pro¬ 
perty  of  absorbing  a  considerable  quan¬ 
tity  of  the  different  gaseous  bodies, 
amounting  in  some  eases  to  80  or  90 
times  its  own  volume.  The  quantity  of 
this  absorption  appears  to  depend  upon 
the  original  elasticity  of  the  gases ; 
those  which  possess  this  property  in  the 
highest  degree,  and  have  hitherto  re¬ 
sisted  all  attempts  to  convert  them  into 
liquids  by  compression,  are  taken  up  in 
the  smallest  proportion,  while  those 
which  have  been  so  condensed  are  ab¬ 
sorbed  more  freely.  Of  hydrogen  gas 
it  will  absorb  only  1.75  times  its  own 
volume,  but  of  ammoniacal  gas  90 
times. 

Charcoal  possesses  the  singular  pro¬ 
perty  of  resisting  the  putrefaction  of 
animal  substances  ;  and  meat  which  has 
become  tainted  may  even  have  its  sweet¬ 
ness  restored  by  rubbing  with  charcoal, 
and  may  be  long  preserved  sweet  by 
being  buried  in  its  powder.  It  also  pro¬ 
duces  the  remarkable  effect  of  destroy¬ 
ing  the  colour  and  smell  of  many  animal 
and  vegetable  substances.  Common 
vinegar,  by  being  boiled  with  it,  becomes 
perfectly  colourless ;  and  red  wines,  J 
rum,  or  brandy  may  be  bleached  by  fil¬ 
tration  through  it.  It  is  largely  em¬ 
ployed,  for  this  purpose,  in  the  process 
of  sugar  refining,  and  for  preparing 
colourless  crystals  of  citric  acid  and 
other  vegetable  productions.  Charcoal 
prepared  by  calcining  animal  substances 
in  close  vessels,  has  been  found  most 
efficacious  for  these  purposes. 

Carbon  and  Oxygen. 

Carbonic  Oxide. — 14. 

(1  C.  6  +  1  0  8.) 

(§  154.)  If  we  introduce  into  a  gun- 
barrel,  or  retort,  a  mixture  of  equal 
parts  of  well-dried  chalk  and  charcoal 
pulverised,  and  expose  it  to  a  strong 
heat,  a  large  quantity  of  gaseous  matter 
will  be  produced,  which  may  be  col¬ 
lected  over  the  water  bath.  The  pro¬ 
duct  must  be  agitated  with  lime-water, 
and  a  considerable  absorption  will  take 
place,  after  which  the  remaining  gas 
will  be  carbonic  oxide.  In  this  process, 
iron  or  zinc  filings  may  be  substituted 
for  the  charcoal,  with  greater  certainty 
of  procuring  the  gas  perfectly  pure. 
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($  155.)  Carbonic  oxide  is  a  gaseous 
body  of  an  offensive  smell,  colourless, 
and  insipid.  It  is  a  very  little  lighter 
than  atmospheric  air  ;  100  cubic  inches 
weighing  29.65  grains.  It  is  very 
sparingly  soluble  in  water,  and  it  does 
not  in  any  way  affect  the  colour  of  blue 
vegetable  infusions.  It  is  inflammable, 
and  burns  with  a  blue  flame;  but  a 
lighted  taper  plunged  into  a  jar  full  of 
the  gas  is  instantly  extinguished.  No 
water  is  formed  during  its  combustion, 
as  may  be  ascertained  by  holding  a  cold 
bell-glass  over  its  flame,  which  will 
remain  bright  and  free  from  the  dew 
which  is  instantly  deposited  by  the  com¬ 
bustion  of  hydrogen  gas  and  its  com¬ 
pounds  under  similar  circumstances.  Jt 
is  noxious  to  animal  life  when  received 
into  the  lungs;  and,  when  respired  for  a 
few  minutes,  produces  giddiness  and 
fainting. 

If  carbonic  oxide  be  mingled  with  an 
equal  bulk  of  hydrogen,  and  passed 
through  an  ignited  tube,  the  tube  will 
become  lined  with  charcoal,  and  water 
will  be  formed;  as  at  a  high  tempera¬ 
ture  the  hydrogen  attracts  oxygen  with 
more  force  than  carbon.  When  mixed 
with  half  its  volume  of  oxygen,  it  may 
be  exploded  in  a  detonating  tube  by  the 
electric  spark,  and  150  measures  of  the 
mixture  will  thus  be  converted  into  100 
of  carbonic  acid,  a  combination  which 
will  be  described  in  the  next  section; 
after  which  the  calculation  will  be  better 
understood,  from  which  its  composition 
has  been  inferred  to  be 

1  equivalent  of  carbon  .  .  6 

1  ditto  of  oxygen  .  .  .  8 

14 

The  blue  flame  which  may  be  observed 
over  burning  charcoal  arises  from  the 
combustion  of  this  gas. 

Carbonic  Acid. — 22. 

(1  C.  6  +  2  O.  16.) 

($  156.)  We  have  just  seen  (§§  152, 
153)  that  diamond  and  charcoal  may 
both  be  burnt  in  oxygen:  the  bulk 
of  the  gas  is  not  altered,  but  its 
weight  is  increased  by  the  exact 
amount  lost  by  the  solids  during  the 
combustion ;  and  all  its  properties 
are  changed.  Carbonic  acid,  how¬ 
ever,  is  most  conveniently  obtained  by 
dropping  fragments  of  marble  or  chalk 
into  muriatic  acid,  diluted  with  two  or 
three  times  its  weight  of  water.  A  strong 
effervescence  ensues,  the  gas  from  which 
may  be  collected  over  the  water  bath. 
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($  157.)  Carbonic  acid  gas  is  colour¬ 
less  and  inodorous.  It  is  rather  more 
than  by  one-half  heavier  than  common 
air;  100  cubic  inches  weighing  46.5 
grains.  It  is  perfectly  uninflammable, 
and  instantly  extinguishes  flame.  From 
its  great  specific  gravity,  it  will  remain 
for  some  time  at  the  bottom  of  a  jar 
with  its  mouth  turned  upwards;  and 
may  be  poured  from  one  such  vessel 
into  another  like  water.  It  is  an  amus¬ 
ing  experiment  to  place  a  lighted  taper 
in  the  bottom  of  the  jar,  as  it  will  be  in¬ 
stantly  extinguished  by  pouring  the  gas 
upon  it,  like  a  liquid. 

It  is  speedily  fatal  to  animals  which 
breath  it :  and  hence  the  danger  of  expo¬ 
sure  to  the  fumes  of  burning  charcoal, 
which  have  in  so  many  instances  proved 
fatal.  From  its  great  density,  it  also  not 
unfrequently  collects  in  the  bottoms  of 
wells  and  mines,  while  the  upper  parts 
are  free  from  it,  and,  from  its  injurious 
effects,  is  called  by  the  miners  choali 
damp.  It  has  been  condensed  into  a 
liquid  by  a  pressure  amounting  to  that 
of  36  atmospheres,  or  a  column  of  mer¬ 
cury  90  feet  in  height. 

Water,  under  common  circumstances 
of  pressure  and  temperature,  will  dis¬ 
solve  about  its  own  bulk  of  this  gas; 
but  the  quantity  taken  up  may  be  in¬ 
creased  by  pressure,  and  will,  in  fact, 
be  in  exact  proportion  to  the  compress¬ 
ing  force.  It  is  by  the  slrong  compres¬ 
sion  of  a  forcing-pump  that  the  com¬ 
mon  soda-water  is  so  highly  charged 
with  this  gas. 

The  solution  has  an  agreeable  subacid 
taste,  and  reddens  paper,  stained  with 
the  blue  colour  of  litmus.  When,  how¬ 
ever,  an  infusion  of  litmus,  which  has 
been  reddened  by  this  acid,  is  boiled,  the 
blue  colour  returns  asthe  acid  escapes  : 
an  effect  which  distinguishes  it  from  all 
other  bodies  of  the  same  class.  The 
pleasant  pungency  of  brisk  and  spark¬ 
ling  fermented  liquors  is  owing  to  the 
carbonic  acid  which  they  hold  in  solu¬ 
tion,  and  which  they  lose  upon  expo¬ 
sure  to  the  air,  and  become  thereby  flat 
and  stale. 

Carbonic  acid  is  produced  in  all  the 
common  cases  of  combustion,  and  is 
likewise  abundantly  formed  during  the 
respiration  of  animals  ;  it  is  not,  there¬ 
fore,  surprising  that  it  should  be  always 
present  in  the  atmosphere  to  the  amount 
of  about  one-thousandth  or  one-fifteen- 
hundredth  of  its  bulk.  Indeed,  the  great 
wonder  is,  considering  the  abundance 
of  its  sources,  that  it  does  not  accumu- 
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late  to  an  injurious  degree,  as  it  cer¬ 
tainly  would,  without  one  of  those  ad¬ 
mirable  and  providential  compensations 
which  perpetually  strike  us  amongst  the 
laws  of  nature,  and  which  we  shall  here¬ 
after  find  in  the  vegetable  part  of  the 
creation;  by  which  it  is  provided,  that 
the  process  of  vegetation  should  remove 
the  contamination  produced  by  the  ani¬ 
mal  part. 

As  it  has  been  proved  that  oxygen,  in 
uniting  with  carbon  to  form  carbonic 
acid,  does  not  alter  its  volume,  it  is 
easy  to  deduce  the  constitution  of  this 
body  from  its  weight, : 

Grains. 

If  from  the  weight  of  100  cubic 
inches  .  .  .  46.5 

we  deduct  the  weight  of  ]  00 
cubic  inches  ot  oxygen  .  33.8 


the  remainder  .  .  .  12.7 

will  be  the  weight  of  the  carbon  in  the 
compound  ;  and  the  proportion  of  33.8 
to  12.7  is  very  nearly  the  same  as  16  to 
6,  or 

1  equivalent  of  carbon  .  ..  6 

2  ditto  ot  oxygen  ,  .  .16 

making  the  equivalent  of  car¬ 
bonic  acid  .  .  .22 

When  a  succession  of  electrical  sparks 
is  passed  through  carbonic  acid  gas, 
confined  over  mercury,  a  portion  is  con¬ 
verted  into  carbonic  oxide  and  oxygen  ; 
and  when  a  stream  of  it  is  passed  over 
charcoal,  ignited  in  a  porcelain  tube,  it 
is  wholly  converted  into  carbonic  oxide. 

It  will  now  be  understood,  that  as 
carbonic  oxide  becomes  converted  into 
carbonic  acid,  by  explosion  with  half  its 
bulk  of  oxygen,  and  as  the  oxygen  in 
carbonic  acid  is  equal  in  volume  to  the 
acid,  the  quantity  of  oxygen  in  the 
former  compound  is  exactly  half  that  in 
the  latter,  and  the  composition  of  the 
oxide  must  be  as  before  stated  (§  155.) 

1  equivalent  carbon  .  .  6 
1  ditto  oxygen  .  .  8 

equivalent  of  carbonic  oxide  . .  14 
Carbon  and  Hydrogbn. 

Sub-carburetted  Hydrogen. — 8. 

(1  C.  6  +  2  H.  2.) 

(§  158.)  By  stirring  the  bottom  of  any 
stagnant  pool  of  water,  especially  if  it 
consist  of  clay  containing  vegetable  sub¬ 
stances  in  a  state  of  decomposition,  a 
quantity  of  gaseous  matter  will  be  dis¬ 
engaged,  which  may  be  collected  in  an 
inverted  bottle,  provided  with  a  funnel. 


This,  after  being  washed  with  lime- 
water,  or  a  solution  of  potash,  will  con¬ 
sist  of  siib-car'buretted  hydrogen  nearly 
in  a  state  of  purity. 

(§  159.)  It  is  a  colourless,  permanent 
gas,  soluble  in  very  minute  proportions 
in  water,  with  very  little  odour,  and  in¬ 
flammable.  When  set  on  fire  it  burns 
with  a  yellow  flame,  and  gives  out  much 
more  light  than  hydrogen:  100  cubic 
inches  weigh  16.94  grains. 

When  mixed  with  atmospheric  air  or 
oxygen,  in  certain  proportions,  it  ex¬ 
plodes  with  violence  upon  contact  with 
flame. 

To  decompose  it  completely,  it  is  ne¬ 
cessary  to  mix  it  with  rather  more  than 
twice  its  bulk  of  oxygen  gas ;  but  ex¬ 
actly  two  volumes  are  consumed.  Water 
and  a  quantity  of  carbonic  acid  are 
produced,  the  latter  being  precisely 
equal  to  the  original  bulk  of  the  inflam¬ 
mable  gas.  Now,  as  carbonic  acid  con¬ 
tains  its  own  bulk  of  oxygen  ($  156), 
half  the  oxygen  in  the  above  experiment, 
must  be  taken  up  by  the  formation  of 
that  body :  the  other  volume  would  re¬ 
quire,  to  convert  it  into  water,  two 
volumes  of  hydrogen  (§  46):  two 
volumes  of  hydrogen  must,  therefore, 
have  been  present  in  the  volume  of  the 
sub-carburetted  hydrogen  originally  em¬ 
ployed. 

Deducting,  therefore,  from  the  weight 
of  100  cubic  inches  of  this  gas  16.9 
the  weight  of  200  cubic  inches 

hydrogen . 4.2  (}41^ 


the  remainder  ....  12.7 

will  be  the  weight  of  carbon  in  the  corn- 
pond;  and  the  proportions  12.7  :4.2  ap¬ 
proach  very  nearly  to  those  of 

1  equivalent  carbon  -  -  6 

2  ditto  hydrogen  -  -  2 

8 

The  fire-damp  of  coal-mines  almost 
wholly  consists  of  this  gas,  and  the 
dreadful  explosions  which  so  often  prove 
destructive  to  human  life  are  occasioned 
by  the  ignition  of  its  mixtures  with  at¬ 
mospheric  air  at  the  candles  of  the 
miners. 

It  is  necessary  here  to  state  that, 
when  sub-carburetted  hydrogen  and 
chlorine  are  mixed  together  over  water, 
no  action  takes  place  if  light  be  care¬ 
fully  excluded  ;  but  if  exposed  to  the 
light  of  day,  and  still  more  rapidly  in 
the  light  of  the  sun,  a  series  of  decom¬ 
positions  ensues.  Muriatic  and  carbonic 
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acids  are  formed,  the  former  of  which  is 
instantly  absorbed. 

Carburetted  Hydrogen. — 1<*. 

(2  C.  12  +  2  H.  2.) 

($  160.)  By  gently  heating,  in  a  glass 
retort,  three  measures  of  strong  sulphuric 
acid  and  one  measure  of  alcohol,  or  pure 
spirits  of  wine,  the  mixture  becomes  black 
and  thick,  and  a  copious  disengagement 
of  gaseous  matter  takes  place,  which  may 
oe  collected  over  water :  after  agitation 
with  lime-water,  or  solution  of  potash, 
pure  carburetted  hydrogen  remains. 

($  161.)  It  is  colourless,  possesses 
very  little  smell,  and  is  slightly  soluble 
in  water.  It  is  inflammable,  and  burns 
with  a  dense  bright  flame,  giving  out 
much  more  light  than  the  sub-carbu- 
retted  hydrogen.  It  is  very  little  lighter 
than  common  air,  100  cubic  inches, 
weighing  29.65  grains.  When  mingled 
with  oxygen  gas  and  ignited,  it  explodes 
with  great  noise  and  violence.  To  insure 
its  complete  combustion,  it  should  be 
mixed  with  five  times  its  volume,  of 
which,  however,  three  only  are  taken 
up  by  the  combustion.  If  too  little 
oxygen  be  used,  much  of  the  charcoal  is 
precipitated  unburned.  The  products  are 
water  and  two  volumes  of  carbonic  acid, 
indicating  double  the  quantity  of  carbon 
in  the  preceding  compound.  The  com 
position,  therefore,  of  carburetted  hy¬ 
drogen  is  as  follows : — 

2  equivalents  carbon  .  .  12 

2  ditto  hydrogen  .  2 

14 

the  two  volumes  of  hydrogen,  as  with 
the  sub-carburet,  being  condensed  into 
one. 

Its  specific  gravity  exactly  agrees  with 
this  calculation;  for  100  cubic  inches, 
by  the  above  decomposition,  give  200 
cubic  inches  of  carbonic  acid,  which 

weigh . 93  grains  (§  157) 

from  which,  deduct- 1 

ing  the  weight  of  200  >  67.6  (§37) 

cubic  inches  oxygen  J 

the  remainder,  .  .  25.4,  will  be  the 
weight  of  carbon  in  100  cubic  inches  of 
the  gas  ;  and  if  to  .  .  .  25.4 
we  add  the  weight  of  2001 
cubic  inches  of  hydrogen  J  ‘  ' 

the  total . 29.6 

will  be  the  weight  of  100  cubic  inches  of 
carburetted  hydrogen,  as  we  have  just 
stated. 

The  condensation  of  the  hydrogen 


may  be  proved  in  another  way  :  carbu¬ 
retted  hydrogen,  like  phosphuretted  hy¬ 
drogen  (§  137),  may  tie  decomposed  by 
single  elective  affinity  with  sulphur, 
which  has  a  greater  attraction  for  hy¬ 
drogen  than  carbon.  If,  therefore,  we 
heat  sulphur  in  a  measure  of  the  gas 
over  mercury,  carbon  will  be  precipi¬ 
tated,  and  two  measures  of  sulphuretted 
hydrogen  will  be  obtained :  hydrogen, 
as  we  have  seen($  122),  not  having  its 
volume  changed  by  combination  with 
sulphur. 

(§  162.)  The  detonation  of  these  gases 
with  oxygen,  which  is  extremely  violent, 
would  not  be  unaccompanied  with  dan¬ 
ger  in  the  apparatus  which  was  formerly 
described  (§  46) ;  but  may  be  securely 
and  accurately  effected  by  the  following 
simple  means  : — A  strong  glass  tube 
must  be  provided,  of  the  interior  dia¬ 
meter  of  from  two-tenths  to  four-tenths  of 
an  inch  ;  it  must  be  bent  in  the  form  of  a 
syphon,  with  legs  of  nearly  equal  length : 
one  end  must  be  hermetically  sealed 
(closed  by  the  heat  of  a  lamp  urged  with 
a  blow-pipe),  and  the  other  open,  and  a 
little  enlarged,  in  the  manner  of  a  funnel. 
Two  platina  wires  must  be  inserted 
close  to  the  sealed  extremity,  by  which 
an  electrical  spark  may  be  passed.  The 
closed  end  must  be  graduated  by  the 
successive  introduction  of  equal  weights 
of  mercury,  and  marking  upon  the  glass 
the  space  which  they  occupy. 

The  syphon  must  be  filled  with  water, 
or,  in  cases  where  the  gases  may  be  ab¬ 
sorbable  by  that  fluid,  with  mercury; 
and  a  portion  of  the  gases,  previously 
mixed  with  great  accuracy,  may  easily 
be  introduced  above  the  fluid  in  the 
sealed  end  of  the  tube.  It  must  next  be 
removed  from  the  trough  in  which  it 
has  been  filled,  by  applying  a  finger 
upon  the  orifice.  The  fluid  may  be 
adjusted  to  the  same  level  in  the  two 
legs,  by  either  adding  a  few  drops  or 
expelling  some,  by  the  immersion  of  a 
piece  of  wood.  The  volume  of  the  in¬ 
cluded  gas  must  next,  be  accurately  mea¬ 
sured  by.the  graduation.  The  finger  is 
now  to  be  replaced  upon  the  orifice,  and 
a  portion  of  air  will  be  included  be¬ 
tween  it  and  the  fluid ;  which,  when  the 
electrical  spark  is  passed,  and  the  ex¬ 
plosion  takes  place,  acts  as  a  spring,  the 
column  of  included  mercury  recoiling 
against  it,  and  preserving  the  tube  from 
fracture.  Even  when  the  detonation  is 
strongest,  nothing  is  felt  but  a  slight 
pressure  upon  the  finger,  which,  after 
the  process,  must  be  gently  removed. 
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and  the  fluid  again  adjusted  till  it  stands 
at  equal  heights  in  the  two  legs,  when 
the  residual  gas  may  be  measured  with 
the  greatest  nicety. 

($  163.)  Carburetted  hydrogen  may 
be  decomposed  by  passing  it  through 
red-hot  tubes  :  at  a  low-red  heat  char¬ 
coal  is  deposited,  and  an  equal  volume 
of  sub-carburetted  hydrogen  produced  ; 
but  at  a  white  heat  the  latter  is  also  de¬ 
composed,  and  the  gas  is  greatly  in¬ 
creased  in  volume.  Chlorine  readily 
combines  with  this  gas,  even  in  the 
dark;  and  in  this  way  a  mixture  of 
carburetted  and  sub-carburetted  hydro¬ 
gen  may  readily  he  separated.  (§  159.) 
The  result  of  the  combination  is  a  yel¬ 
low  liquid,  like  oil,  possessing  a  peculiar 
sweet  taste  and  ethereal  smell :  it  is  vola¬ 
tile,  and  may  be  distilled  without 
change.  It  may  properly  be  distin¬ 
guished  by  the  name  of  hydro-carburet 
of  chlorine.  From  the  property  of 
forming  this  oily  substance,  carburetted 
hydrogen  was  formerly  called  olefiant 
gas. 

(§  164.)  All  the  common,  but  highly 
interesting  phenomena  of  fiame,  are  de¬ 
pendent  upon  the  combustible  gases 
which  we  have  just  been  examining; 
and  the  important  processes  of  artificial 
illumination  are  founded  upon  their 
properties.  Flame  is,  in  all  cases,  the 
combustion  of  explosive  mixtures  of  in¬ 
flammable  gases  or  vapours  with  com¬ 
mon  air  in  different  proportions  ;  and, 
when  continuous,  is  maintained  by  an 
uninterrupted  flow  of  these  elastic  fluids 
into  the  atmosphere,  with  which  they 
slowly  mingle.  That  it  cannot  be  re¬ 
garded  as  mere  combustion  at  the  point 
of  contact,  may  be  proved  by  holding 
a  taper  within  a  large  flame  produced 
from  alcohol:  the  flame  of  the  taper 
will  appear  within  the  other,  from 
which  it  will  be  distinguished  by  its 
difference  of  colour ;  proving,  that  there 
is  oxygen  even  in  its  interior.  The 
flames  of  lamps  and  candles  are  fed  by 
a  stream  of  inflammable  gases  and  va¬ 
pours,  arising  from  the  decomposition 
of  wax,  tallow,  or  oils;  commenced, by 
the  application  of  heat  from  some  ex¬ 
terior  source,  but  continued  by  the  high 
temperature  which  is  kept  up  by  the 
process  itself.  The  quantity  of  light 
which  flame  emits  is  dependent  upon 
the  incandescence  of  minute  particles 
of  solid  matter,  which  are  thrown  off 
during  the  combustion ;  and  those 
flames,  whose  products  are  only  gaseous 
matter,  give  very  little  light.  The  light 


of  a  stream  of  ignited  hydrogen  is 
scarcely  visible  in  the  day-light ;  but  if 
a  small  coil  of  platinum  wire  be  sus¬ 
pended  in  it,  or  some  solid  body  in  very 
fine  powder,  such  as  the  oxide  of  zinc  be 
projected  through  it,  it  becomes  very  lu¬ 
minous.  Phosphorus  burns  in  chlorine 
with  a  very  pale  flame,  the  product  of  the 
combustion  being  a  very  volatile  Sub¬ 
stance  (§  143);  but  burned  in  oxygen 
it  emits  a  most  splendid  light,  owing 
to  the  ignition  of  the  particles  of  solid 
phosphoric  acid  which  are  given  off. 
Carburetted  hydrogen  gives  out,  during 
its  combustion,  much  more  light  than 
the  sub-carburetted,  owing  to  the  larger 
quantity  of  carbon  which  is  disengaged  ; 
but  if  the  mixture  with  oxygen  be  in 
such  proportions  as  at  once  to  burn  the 
whole  of  the  charcoal  in  its  gaseous 
combinations,  without  previous  depo¬ 
sition,  the  light  becomes  blue,  and  is 
greatly  reduced  in  intensity.  These  dif¬ 
ferent  stages  of  combustion  may  all  be 
observed  in  the  flame  of  a  common 
candle ;  at  the  bottom  part,  where  the 
inflammable  gases  are  given  off  in  the 
smallest  quantity,  and  where  they  are 
most  intimately  mixed  with  the  air,  the 
combustion  is  at  once  complete,  and 
the  light  is  blue  and  faint ;  the  centre 
part,  where  the  particles  of  charcoal, 
owing  to  a  less  admixture  of  oxygen, 
are  thrown  off  in  a  solid  state  and  be¬ 
come  incandescent  before  they  are 
finally  burnt,  is  white  and  highly  bril¬ 
liant  ;  and  the  upper,  where  the  char¬ 
coal  is  in  still  greater  quantity  and  much 
of  it  finally  escapes  combustion,  is  red 
and  dull. 

The  heat  of  flames,  even  of  those 
which  give  least  light,  as  of  hydrogen 
and  spirits  of  wine,  is  intense;  as  is 
shewn  by  platinum  wire  becoming  white 
hot  in  the  parts  where  the  combustion 
is  perfect.  The  fact  is  also  proved  by 
certain  instances,  where  combustion 
takes  place  without  evolving  sufficient 
heat  to  cause  inflammation,  as  in  the 
instance  of  the  flameless  lamp  already 
referred  to,  (§  31).  This  experiment 
may  be  varied  by  pouring  a  little  ether 
into  the  bottom  of  a  wide-mouthed 
glass ;  when,  if  a  piece  of  heated  pla¬ 
tinum  wire  be  held  a  little  above  its  sur 
face,  it  will  become  red-hot,  but  will  not 
inflame  the  ether  till  it  acquires  a  full 
white  heat. 

($  165.)  Upon  the  necessity  of  an 
intense  heat  for  the  maintenance  of 
flame  is  founded  the  properties  of  the 
miner's  safety  lamp,  by  which  the  oc- 
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urrence  of  those  dreadful  explosions, 
o  which  we  have  just  referred  ($  159), 
las  become  much  less  frequent ;  and 
nisrht  most  probably  be  wholly  pre- 
'ented,  were  it  not  for  gross  careless- 
less  and  some  still  remaining  prejudice, 
n  this  beautiful  contrivance,  the  flame 
>f  the  lamp  is  covered  with  a  tall  cylinder 
if  wire-gauze,  securely  screwed  to  it, 
vhich  does  not  prevent  the  circulation 
if  the  air,  and,  from  the  fineness  of  its 
exture,  obstructs  but  little  light.  The 
)peration  of  the  metallic  gauze  may  be 
llustrated  by  bringing  a  piece  of  it  down 
ipon  the  flame  of  a  candle  or  of  coal- 
jas.  The  flame  may  thus,  as  it  were, 
be  cut  in  half ;  the  lower  part  only  re¬ 
maining  ignited,  the  upper  being  cooled 
below  the  constituent  temperature  of  in¬ 
flammation:  that  the  cooled  gaseous  mat¬ 
ter,  however,  passes  through  the  tissue 
may  be  proved,  by  lighting  it  again  upon 
the  upper  surface.  Now,  supposing  an  ex¬ 
plosive  mixture  to  penetrate  to  the  flame 
of  the  lamp,  protected  in  the  manner 
which  we  have  just  described,  it  will 
burn  within  the  wire-boundary  which 
has  been  prescribed  to  it ;  but  the  cool¬ 
ing  influence  of  the  gauze  will  prevent 
its  extension  to  the  external  atmosphere, 
and  thus  all  danger  is  avoided.  The 
safety  of  the  lamp,  of  course,  entirely 
depends  upon  the  perfect  state  of  the 
wire-tissue  and  the  mariner  in  which  it 
is  secured,  so  that  no  aperture  may  exist 
by  which  the  flame  may  pass. 

(§166.)  The  progress  of  science  has 
lately  introduced  a  great  improvement  in 
the.  art  of  illumination,  by  suggesting 
the  decomposition  of  the  different  sub¬ 
stances  which  yield  the  inflammable 
gases  in  establishments  formed  for  the 
purpose,  and  conducting  the  pure  elastic 
products  through  pipes  to  the  situations 
where  they  are  required  to  be  burned  ; 
and  where  their  consumption  may  be 
regulated  to  the  greatest  nicety,  accord¬ 
ing  to  circumstances.  Coal,  oil,  and 
rosin  have  been  chiefly  employed  in 
this  new  manufacture  ;  and  that  upon 
a  scale  which  cannot  but  astonish  those 
who  recollect  the  first  suggestion  of  a 
scheme,  which  was  very  generally  deem¬ 
ed  chimerical.  Coal,  when  subjected  to 
distillation  in  close  vessels,  at  a  red  heat, 
gives  out  a  large  quantity  of  gas,  con¬ 
sisting  chiefly  of  sub-carburetted  hydro¬ 
gen,  mixed  with  the  other  inflammable 
gases  which  we  have  just  described. 
The  sulphuretted  hydrogen  with  which  it 
is  contaminated  is  removed,  by  passing 
it  through  lime,  suspended  in  water  by 


agitation.  The  specific  gravity  of  well- 
purified  coal-gas  varies  from  450  to 
700.  A  large  quantity  of  an  impure 
carbon,  called  coke,  is  found  in  the  re¬ 
torts  after  the  extraction  of  the  gas. 

Oil,  by  being  allowed  to  trickle  into  a 
red-hot  retort,  half  filled  with  coke  or 
pieces  of  brick  to  increase  the  heated 
surface,  is  decomposed,  and  yields  a 
large  quantity  of  gas,  which  is  much 
richer  in  carburetted  hydrogen  than 
coal-gas,  and  is,  therefore,  much  better 
fitted  for  purposes  of  illumination.  Its 
specific  gravity  varies  from  800  to  950. 
It  contains  no  admixture  of  sulphuretted 
hydrogen,  and  requires  no  purification  ; 
and  as  less  of  it  is  required  for  any  given 
quantity  of  light,  the  atmosphere  of  a 
room  is  less  heated  and  contaminated 
by  its  combustion.  It  is,  however,  con¬ 
siderably  more  expensive  than  the  gas 
from  coal ;  although  the  first  outlay  of 
capital  for  a  manufactory  upon  a 
large  scale  is  less  on  account  of  the 
smaller  size  of  the  necessary  pipes 
and  apparatus.  Rosin,  it  has  lately 
been  discovered,  by  peculiar  treatment, 
also  yields  an  abundance  of  gas, 
equal  in  quality  to  that  from  oil,  and 
at  about  one-fourth  the  expense :  its 
smell,  moreover,  is  much  less  offen¬ 
sive  than  that  of  either  coal  or  oil-gas, 
and  it  has  been  introduced  with  success 
into  several  very  large  establishments. 
"Wood  is  likewise  capable  of  yielding  in¬ 
flammable  gas,  by  distillation,  in  abun¬ 
dance  ;  but  it  is  so  deficient  in  the 
compounds  of  carbon  and  hydrogen,  as 
to  be  nearly  worthless  for  illumination. 
In  manufactories,  however,  of  charcoal, 
in  iron  retorts  for  the  making  of  gun¬ 
powder,  the  gas  which  is  given  off  is 
led  by  a  pipe  under  the  cylinders,  and  is 
economically  employed  in  maintaining 
their  heat. 

The  sub-carburetted  and  carburetted 
hydrogen  gases  are  the  only  compounds 
of  carbon  and  hydrogen  known,  which 
assume  the  form  of  permanently  elastic 
fluids.  There  are,  however,  a  variety 
of  other  combinations  of  these  two  ele¬ 
ments,  in  different  proportions,  which 
have  not  been  clearly  developed,  some 
of  which  are  the  products  of  art  and 
others  of  nature,  the  description  of 
which  we  shall  defer  to  a  future  occa¬ 
sion. 

Carbon  and  Chlorine, 
Per-chloride  of  Carbon.- — 120. 

(2  C.  12+3  Chi.  108.) 

(,§  167.)  The  union  of  carbon  with 
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chlorine  cannot  be  directly  effected ; 
and  no  action  ensues  upon  strongly 
heating  charcoal  in  that  gas.  We  have, 
however,  seen  (§  163),  that  a  triple 
compound  of  carbon,  hydrogen,  and 
chlorine  may  be  produced  by  the  direct 
combination  of  carburetted  hydrogen 
and  chlorine.  If  this  oily  liquid  be  ex¬ 
posed  to  the  direct  rays  of  the  sun,  in 
an  atmosphere  of  chlorine,  it  will  be 
decomposed ;  muriatic  acid  will  be  pro¬ 
duced  by  the  abstraction  of  the  hydro¬ 
gen,  and  the  carbon  will  attach  itself  to 
another  portion  of  the  chlorine.  The  ex¬ 
periment  is  not  difficult  of  performance 
in  a  glass  retort  fitted  with  a  stop-cock. 
The  muriatic  acid  is  absorbed,  as  it  is 
formed  by  the  admission  of  a  little  water 
and  fresh  chlorine,  admitted  as  re¬ 
quired. 

(§168.)  The  per-chloride  of  carbon 
is  a  transparent,  colourless  solid,  having 
very  little  taste,  and  possessing  an  aro¬ 
matic  odour,  resembling  that  of  cam¬ 
phor.  Its  specific  gravity  is  2.  It 
is  very  brittle,  and  a  non-conductor 
of  electricity.  It  is  volatile  at  common 
temperatures,  and  is  sublimed  in  very 
transparent,  colourless  crystals.  It 
melts  at  320°,  and  boils  at  360°  Fahren¬ 
heit.  It  is  scarcely  combustible ;  but 
when  held  in  the  flame  of  a  spirit-lamp, 
it  burns  with  a  red  flame,  and  gives  off 
much  smoke  and  fumes  of  muriatic  acid. 
It  is  little  soluble  in  water,  but  is  readily 
taken  up  by  alcohol,  and  may  be  crys¬ 
tallized  from  that  fluid  on  evaporation. 
It  is  also  soluble  in  ether  and  oils.  The 
results,  both  of  its  analysis  and  syn¬ 
thesis,  concur  in  its  being  a  compound 
of  2  equivalents  of  carbon  .  12 

3  ditto  chlorine  .  .  .  .108 
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Chloride  of  Carbon. — 42. 

(1  C.  6  +  1  Chi.  36.) 

(§  169.)  When  the  vapour  of  the  per- 
chloride  of  carbon  is  passed  through  an 
ignited  glass  tube  containing  fragments 
of  glass  or  rock-crystal,  to  increase  the 
heated  surface,  it  is  partly  decomposed ; 
chlorine  escapes,  and  a  fluid  passes  over, 
which  may  be  separately  condensed. 

(§  170.)  It  is  limpid  and  colourless; 
does  not  assume  the  solid  form  even  at 
0°  Fahrenheit,  and  is  volatilized  at  a 
temperature  between  160°  and  170°.  Its 
specific  gravity  is  about  1.5.  It  may  be 
distilled  without  change,  but  undergoes 
decomposition  at  a  red  heat.  It  may  be 
mixed  with  alcohol,  ether,  and  oils,  but 


not  with  water.  It  is  not  combustible 
except  when  held  in  the  flame  of  a 
lamp,  when  it  burns  with  a  yellow  light, 
and  gives  off  much  smoke,  mixed  with 
acid  fumes.  Its  analysis  shows  it  to  be 
a  compound  of 

1  equivalent  of  carbon  .  .  C 

1  ditto  chlorine  36 

42 

Sub-chloride  of  Carbon. — 48. 

(2  C.  12  +  l  Chi.  36.) 

(§  171.)  Another  compound  of  carbon 
and  chlorine  has  been  accidentally 
formed,  in  very  small  quantities,  in  a 
manufactory  of  nitric  acid,  from  nitre 
and  vitriol,  in  Sweden.  It  was  in  the 
form  of  white  feathery  crystals,  rather 
heavier  than  water,  and  insoluble  in  that 
fluid.  It  had  a  peculiar  smell,  resem¬ 
bling  spermaceti,  and  was  tasteless.  It 
was  soluble  in  alcohol  and  ether,  and 
burned  in  the  flame  of  a  lamp  with  a 
greenish  colour.  It  was  decomposed 
into  chlorine  and  carbon,  by  passing 
its  vapour  through  a  glass  tube  con¬ 
taining  fragments  of  rock-crystal,  heated 
red  hot,  It  was  ascertained  to  be  com¬ 
posed  of 

2  equivalents  of  carbon  .  12 

1  ditto  chlorine  .  36 

48 

Carbon  and  Nitrogen. 
Carburet  of  Nitrogen,  or  Cyanogen. — 
26. 

(2  C.  12  +  N.  14.) 

($  172.)  By  boiling  together  red  oxide 
of  mercury  with  twice  its  weight  of  the 
well-known  colour  called  Prussian  blue, 
in  a  sufficient  quantity  of  water,  a  com¬ 
pound  may  be  obtained  which  crystal¬ 
lizes  in  prisms,  and  which  was  formerly 
known  by  the  name  of  prussiate  of  mer¬ 
cury,  but  is  now  designated  as  cyanuret 
of  mercury.  This  substance  well  dried 
at  a  temperature  below  that  of  boiling 
water,  when  put  into  a  small  retort,  or 
such  a  tube  as  that  before  described 
(§  36),  and  exposed  to  heat,  blackens 
and  liquefies,  and  gives  off  a  gas  which 
may  be  collected  over  mercury. 

(§  173.)  The  carburet  of  nitrogen  is  a 
permanently  elastic  fluid  at  a  common 
pressure  and  temperatures.  Its  smell 
is  pungent  and  disagreeable.  It  is  co¬ 
lourless,  and  burns  with  a  purplish-blue 
flame,  but  extinguishes  burning  bodies. 
One  hundred  cubic  inches  of  it  weigh 
about  55  grains.  It  is  soluble  in  water 


CHEMISTRY.  45 


imd  alcohoi,  the  former  of  which  takes 
up  about  four  and  a  half  times  its 
volume,  and  the  latter  twenty-three 
limes.  It  has  been  reduced  to  the  liquid 
state  by  a  pressure  equivalent  to  that  of 
3.6  atmospneres. 

When  mixed  with’  oxygen  it  may  be 
exploded  by  the  electric  spark.  It  re¬ 
quires  twice  its  volume  of  that  gas  for 
its  complete  combustion ;  and  the  pro- 
lucts  are  two  volumes  of  carbonic  acid 
and  one  volume  of  nitrogen.  Now,  200 
cubic  inches  of  carbonic  acid  contain, 
as  we  have  seen  ($  161),  25.4  grains  of 
carbon,  and  100  cubic  inches  of  nitro¬ 
gen  weigh  29.7  grains,  making  the 
weight  of  100  cubic  inches  of  cyanogen 
55.1  grains,  and  agreeing  very  closely 
with  its  weight,  as  before  stated,  from 
experiment  ;  there  is,  therefore,  no  diffi¬ 
culty  in  concluding  that  it  is  a  com¬ 
pound  of 

2  equivalents  carbon  .  .12 
1  ditto  nitrogen  .  .  14 

and  that  its  combining  propor-1  2C 

tion  is . ) 

The  carburet  of  nitrogen,  although  a 
compound  body,  has  the  singular  pro¬ 
perty  of  combining  with  elementary 
substances  in  a  manner  perfectly  ana¬ 
logous  to  that  of  the  simple  gaseous 
bodies  which  we  have  previously  exa¬ 
mined.  Thus,  like  chlorine,  it  forms 
acids  by  combining  both  with  oxygen 
and  hydrogen  ;  and  it  is  on  account  of 
this  analogy  that  the  appellation  of  cy¬ 
anogen*  has  been  conferred  upon  it. 
The  consideration  of  these  triple  com¬ 
pounds  we  must  refer  to  a  future  chap¬ 
ter.  We  may  here  remark  that  carbon 
is,  of  all  the  elementary  substances,  the 
only  one  which  is  disposed  to  form 
triple  combinations.  One  of  these  we 
have  described  in  the  hydro- carburet  of 
chlorine  (§  163).  The  combinations  of 
cyanogen  (termed  cyanurets)  afford 
other  instances  of  this*  tendency,  and  we 
shall  find  that  they  abound  in  the  pro¬ 
ducts  of  the  animal  and  vegetable  parts 
of  creation. 

Carbon  and  Sulphur. 

Sulphuret  of  Carbon. — 38. 

(1  C.  6  +  2  S.  32.) 

($  174.)  Carbon  and  sulphur  may  be 
made  to  combine  by  the  following  “pro¬ 
cess: — Place  an  earthen  tube,  of“about 


•  From  two  Greek  words,  signifying  the  format  ton 
of  blue :  the  termination  in  gen.  shewing  its  refer- 
ence  to  hydrogen,  oxygen,  &c. 


an  inch  and  a  half  diameter,  a  little  in¬ 
clined,  across  a  chafing-dish,  and  nearly 
fill  it  with  small  pieces  of  charcoal  well 
burned,  and  quite  free  from  moisture. 
To  the  higher  end  adapt  a  glass  tube 
filled  with  small  pieces  of  sulphur, 
which  may  be  pushed  forward  by  means 
of  a  wire  passing  through  a  cork,  which 
must  be  made  carefully  to  exclude  the 
air.  To  the  opposite  end  a  bent  glass 
tube  must  be  adjusted,  which  must  pass 
down  below  the  surface  of  some  water 
contained  in  a  bottle.  When  the  fire  in 
the  chafing-dish  has  been  lighted,  and 
the  centre  of  the  tube  become  red  hot, 
the  sulphur  must  be  thrust  forward  into 
contact  with  the  ignited  charcoal ;  and 
immediately  bubbles  of  gas  will  escape 
from  under  the  water  in  the  bottle,  and 
a  vapour  will  appear  which  will  con¬ 
dense  under  the  water  into  a  liquid.  It 
may  be  rectified,  or  obtained  quite  pure, 
by  re-distilling  it  at  a  heat,  not  exceed¬ 
ing  110°  Fah.,  in  a  glass  retort  contain¬ 
ing  a  little  muriate  of  lime  (or  chloride 
of  calcium),  to  retain  any  water  with 
which  it  may  be  mixed. 

($  175.)  The  sulphuret  of  carbon 
thus  obtained  is  a  perfectly  colourless 
and  transparent  fluid.  Its  taste  is  acrid, 
pungent,  and  somewhat  aromatic:  its 
smell  nauseous  and  fetid  in  a  very  high 
degree.  It  is  very  volatile,  and  boils  at 
common  atmospheric  pressure  at  a 
temperature  not  exceeding  110°  Fah. 
It  has  never  been  congealed  by  the 
lowest  artificial  temperature.  It  is  highly 
inflammable,  and  it  burns  with  a  blue 
flame,  emitting  copious  fumes  of  sul¬ 
phurous  acid.  No  moisture  whatever 
is  deposited  upon  cold  glass  during  its 
combustion,  which  is  sufficient  proof 
that  it  contains  no  hydrogen.  It  mixes 
readily  with  alcohol  and  ether,  but  not 
with  water ;  the  latter  precipitates  it 
from  either  of  the  former  mixtures. 
Owing  to  its  extreme  volatility,  it  has 
been  employed  to  produce  great  degrees 
of  cold.  A  thermometer  whose  bulb  has 
been  covered  with  lint,  and  moistened 
with  it,  will  sink  rapidly  from  66°  to  0° 
Fah. ;  and,  by  a  little  management  under 
the  exhausted  receiver  of  an  air-pump, 
may  be  made  to  fall  to  even  70°  or  80° 
below  0°  ;  so  that  mercury  may  be  rea¬ 
dily  frozen  by  its  evaporation.  The  re¬ 
sults  of  a  careful  analysis  prove  this 
remarkable  fluid  to  be  composed  of 

1  equivalent  of  carbon  .  .  G 

2  ditto  sulphur  .  32 
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Silicon. — 8.? 

($'176)  Although  silicon,  in  com¬ 
bination  with  oxygen,  is  one  of  the  most 
abundant  substances  in  nature,  so  much 
so  as  to  entitle  it  to  be  considered  the 
basis  of  the  inorganic,  as  carbon  is  of 
the  organic,  creation,  it  is  only  very 
lately  that  the  art  of  chemistry  has  suc¬ 
ceeded  in  separating  it  in  small  quan¬ 
tities,  by  difficult  and  complicated  pro¬ 
cesses.  These  are  dependent  upon  the 
properties  of  substances  which  have  not 
yet  been  described,  and  which  are  them¬ 
selves  of  extraordinary  character,  and 
we  shall  therefore  defer  the  details  of 
its  extraction  till  they  can  be  better  un¬ 
derstood. 

($  177.)  Silicon  has  been  obtained  in 
the  form  of  a  solid,  in  a  disintegrated 
state,  of  a  dark  brown  colour,  and  with¬ 
out  metallic  lustre.  It  does  not  conduct 
electricity,  and  is  incombustible  either 
in  air  or  oxygen  gas.  It  may  be  ex¬ 
posed  to  the  strongest  heat  without 
fusing  or  undergoing  any  other  change. 
It  decomposes  water,  and  becomes  con¬ 
verted  into  oxide  of  silicon,  or  silex,  by 
union  with  its  oxygen.  Although  much 
uncertainty  still  prevails  in  all  experi¬ 
ments  with  this  difficultly-obtained  ele¬ 
ment,  there  is  reason  to  suppose  that,  in 
the  state  of  oxide,  it  is  combined  with  its 
own  weight  of  oxygen,  and  that  its  equi¬ 
valent  is  8. 

Silicon  and  Oxygen. 

Oxide  of  Silicon  or  Silex. — 16. 

(1  S.  8  +  1  O.  8.) 

(§  1 78.)  Silex  enters  into  the  composi¬ 
tion  of  most  earthy  minerals,  and  exists 
in  a  state  of  almost  perfect  purity,  in 
the  form  of  colourless  rock-crystal  or 
crystals  of  quartz.  By  heating  these 
substances  red-hot,  and  throwing  them 
into  w’ater,  they  may  be  disintegrated 
and  reduced  to  fine  powder,  by  pound¬ 
ing.  Sufficiently  pure  silex  may  also  be 
obtained  by  calcining  common  flints  at 
a  low’  red  heat.  They  may  then  be  easily 
reduced  to  powder.  In  this  state  they 
must  be  mixed  with  four  times  their 
weight  of  carbonate  of  potash,  and  fused 
in  a  crucible,  by  a  strong  red  heat.  A 
strong  effervescence  will  take  place ; 
after  which  the  heat  must  be  urged  till 
the  materials  enter  into  complete  and 
quiet  fusion.  The  compound  may  be 
dissolved,  when  cold,  in  water ;  and  the 
alkaline  solution,  after  filtration.dropped 
gradually  into  diluted  sulphuric  or  mu¬ 
riatic  acid.  An  abundant  precipitate  will 


subside,  which,  after  pouring  off  the 
liquid  which  covers  it,  must  be  tho¬ 
roughly  washed  till  the  water  comes 
away  perfectly  tasteless :  it  must  then  be 
dried. 

($  179.)  Silex  thus  obtained  is  a  per¬ 
fectly  white  and  tasteless  powder,  which 
feels  harsh  between  the  fingers.  Its  spe¬ 
cific  gravity  is  2.6.  It  is  insoluble  in 
water,  and  is  not  acted  upon  by  any  acid 
except  the  fluoric,  whose  properties  will 
be  hereafter  described.  When  first  pre¬ 
pared,  and  minutely  divided,  it  is  taken 
up  by  solutions  of  pure  potash  or  soda, 
but  not  by  the  volatile  alkali  am¬ 
monia. 

($  180.)  Silex,  in  combination  with 
the  fixed  alkalies,  forms  the  basis  of  that 
inestimable  product  of  art — glass.  When 
one  part  of  very  pure  sand  is  ignited 
with  three  of  carbonate  of  potash,  a 
compound  is  formed,  which  is  very  solu¬ 
ble,  and  deliquesces  (attracts  moisture) 
in  the  air.  When  these  proportions  are 
reversed,  and  three  parts  of  sand  and 
one  of  carbonate  of  potash  are  fused  to¬ 
gether,  the  product  is  insoluble  in  water 
and  all  the  acids  except  the  fluoric,  and 
possesses  the  well-known  properties  of 
glass.  Its  purity  depends  upon  the 
purity  of  the  ingredients  employed  in 
its  manufacture.  Green  bottle-glass  is 
made  of  impure  materials ;  such  as  sand, 
w'hich  contains  a  considerable  propor¬ 
tion  of  iron,  and  the  commonest  kind  of 
soda,  called  kelp.  Window-glass  is 
made  of  pure  alkali,  and  sand  which  is 
free  from  iron ;  and  for  plate-glass  the 
utmost  care  is  taken  to  provide  both  the 
materials  in  their  purest  forms. 

Boron. — 6.  ? 

(§  181.)  When  equal  parts  of  the  metal 
potassium,  and  very  pure  boracic  acid, 
are  heated  together  in  a  copper  tube,  at 
a  temperature  of  about  302°  Fahrenheit, 
they  suddenly  become  red  hot :  the 
metal  disappears,  and,  when  the  product 
has  been  washed  with  warm  water,  a 
greenish-brown  or  olive-coloured  sub¬ 
stance  is  obtained,  which  is  boron. 

($  182.)  It  is  insoluble  in  w’ater, 
tasteless,  and  does  not  affect  the  colour 
of  blue  vegetables.  It  may  be  exposed 
to  the  strongest  heat  in  close  vessels 
without  undergoing  any  change ;  but 
when  heated  to  about  600°  Fahrenheit  in 
the  open  air,  it  burns  vividly,  absorbs 
oxygen,  and  is  converted  into  boracic 
acid.  It  is  a  non-conductor  of  elec¬ 
tricity, 
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Boron  and  Oxygen. 

Boracic  Acid. — 22. 

(1  B.  6  +  2  0.  16.) 

(§  183.)  There  is  considerable  discre¬ 
pancy  in  the  results  of  experiments  upon 
the  quantity  of  oxygen  which  is  absorbed 
by  boron  during  its  combustion  ;  but 
there  is  reason  to  think  that  1 00  grains 
condense  266.6  grains  of  that  gas,  which 
is  in  the  proportion  of  6  to  16  :  so  that, 
supposing  the  acid  to  be  a  compound  of 
two  equivalents  of  oxygen,  the  number 
for  boron  will  be  6,  and  that  for  the 
acid  22.  Boracic  acid  may  be  obtained 
by  dissolving  a  given  weight  of  a  salt 
called  borax  (which  is  imported  from 
India  in  a  rough  state  under  the  name 
of  lineal)  in  boiling  water  ;  and  adding 
half  its  weight  of  sulphuric  acid,  pre¬ 
viously  diluted  with  an  equal  quantity 
of  water.  Upon  evaporation  of  the  solu¬ 
tion  and  cooling,  shining,  scaly  crystals 
will  be  precipitated,  which  is  the  sub¬ 
stance  in  question.  It  is  also  found  na¬ 
tive  in  the  neighbourhood  of  volcanoes. 

($•184.)  It  is  destitute  of  smell,  and 
possesses  very  little  taste.  It  is  spar¬ 
ingly  soluble  in  water,  and  the  solution 
reddens  vegetable  blue  colours ;  and, 
what  is  very  singular,  it  also  reddens  the 
yellow  colour  of  turmeric  in  the  manner 
of  alkalies.  It  is  soluble  in  alcohol,  and 
communicates  a  beautiful  green  colour 
to  its  flame.  It  fuses  when  heated,  and 
gives  off  its  water  of  crystallization  to 
the  amount  of  about  44  parts  in  the 

TAB 


hundred.  It  is  therefore  probable  that 
the  crystallized  acid  is  composed  of 

1  equivalent  acid  .  .  22 

2  ditto  of  water  .  18 
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Chapter  V. 

On  the  further  Combinations  of  the 
preceding  Acids  and  Salifiable  Base  : 
or  Salts  of  Ammonia. 

($  185.)  As  it  is  by  no  means  our  ob¬ 
ject  to  compile  a  system  of  chemistry  for 
proficients  in  the  science,  in  which  order 
and  perfect  arrangement  would  be  one 
of  the  most  essential  considerations, 
but  rather  to  lead  the  mind  of  the  stu¬ 
dent  by  degrees  from  the  simpler  to 
understand  the  more  complex  pheno¬ 
mena  of  Nature,  we  here  deem  it  right 
to  pause,  and  offer  a  brief  retrospect  of 
the  progress  which  we  have  made;  from 
which  it  may  be  hoped,  that  the  facts 
already  stated,  and  which  it  is  of  the 
utmost  importance  to  recollect  with 
readiness,  may  be  more  surely  fixed 
upon  the  mind.  Our  attention  lias 
hitherto  been  directed  to  the  properties 
of  twelve  non-metallic  elements ,  or  sub¬ 
stances,  which  have  resisted  all  attempts 
to  decompose  them,  and  their  binary 
compounds  with  one  another.  The 
arrangement  which  we  have  adopted 
with  regard  to  the  former,  and  the  sim¬ 
ple  equivalent  proportions  in  which  they 
combine  together,  will  readily  be  recalled 
by  the  means  of  the  following  Table  : — > 

j  E  I. 


NON-METALLIC  ELEMENTS. 


in 

2 

a 

'L 

V 

Electro-Negative. 

Electro-Positive. 

03 

> 

3 

3 

cr 

.'xi 

( 

Oxygen 

8 

Aeriform . .  J 

Hydrogen  . 

Nitrogen  . 

l 

14 

1 

Chlorine 

...  36 

f 

Bromine 

75 

{  Iodine  . 

.  .  .124 

Volatile. .  .  J 

1  •  •  i 

Sulphur  ... 

16 

I  •  •  • 

Phosphorus  . 

12 

•  •  • 

Selenium  . 
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1  .  .  . 

Carbon.  . 

6 

Fixed  ....  < 

•  •  • 

Silicon  ... 

8 

1 

•  •  • 

Boron 

6 
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In  Table  U.  we  have  arranged  the  is  stated,  and  the  equivalent  number  of 
binary  compounds  of  the  foregoing  ele-  each  compound  is  added  to  it,  shewing 
ment  in  three  divisions,  viz.,  the  Acid,  the  in  what  proportion  it  would  enter  into 
Alkaline  or  Basic,  and  the  Neutral.  The  any  further  combination, 
proportions  in  which  they  are  combined 

TABLE  II. 

BINARY  COMPOUNDS  OF  THE  NON- METALLIC  ELEMENTS. 


Acti). 

Elect  rt-N  tg-tiive. 


Alkaline 
on  Basic. 
Electro- 
Positive. 


Nevtkal. 


1  Hydrogen 
Ditto 

4-  1  Oxvgcn 

4-  2  Ditto 

1  Nitrogen 
Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

+  1  Oxygen 
4-  2  Ditto 

4-  3  Ditto 
-j-  4  Ditto 

4-  5  Ditto 

4-  1  Hydrogen 

1  Chlorine 
Ditto 

Ditto 

Ditto 

Ditto 

4  Ditto 

4-  1  Oxygen 
4-4  Ditto 

4-  5  Ditto 

4"  8  Di  tto 

4-  1  Hydrogen 
4-  1  Nitrogen 

l  Bromine 
Ditto 

+  5  Oxygen 

4-  1  Hydrogen 

1  Iodine 
Ditto 

3  Ditto 

4-5  Oxygen 
-j-  1  Hydrogen 
4-  1  Nitrogen 

1  Sulphur 
Ditto 
Ditto 

2  Ditto 

1  Ditto 

2  Ditto 
1  Ditto 


4“  2  Oxygen 
4-  3  Ditto 
4*  1  Ditto 

+  5  Ditto 
-j-  1  Hydrogen 
4-  1  Ditto 
4"  1  Chlorine 


1  Phosphorus  -f- 1  Oxygen 
Ditto  4“  2  Ditto 

2  Ditto  1  Ditto 

1  Ditto  4*  2  Hydrogen 

1  Ditto  4-  1  Ditto 

1  Ditto  4"  1  Chlorine 

1  Ditto  4"  2  Ditto 

1  Selenium  4“  2  Oxygen 


1  Carbon 
1  Ditto 

1  Ditto 

2  Ditto 

1  Ditto 

2  Ditto 
2  Ditto 
2  Ditto 
1  Ditto 

1  Silicon 

l  Boron 


-  -  1  Oxygen 

-  -  9  Ditto 

-  -  2  Hydrogen 
--2  Ditto 

-  -  1  Chlorine 

-  -  3  Ditto 

-  -  1  Ditto 

-f-  1  Nitrogen 
--2  Sulphur 


4-  1  Oxygen 
4-  2  Oxygen 


Hypo-Nitrous  A 
Nitrous  Acid 
Nitric  Acid. 


d 


Chloric  Acid 
Per-Chloric  Aoic 
Muriatic  Acid 


Bromic  Acid  115 

Hydro* Bromic  Acid  76 

Iodic  Acid  .  .  164 

Hydriodic  Acid  .  .  125 


Sulphurous  Acid.  .  32 
Sulphuric  Acid  .  .  40 

Hypo-Sulphurous  Acid  24 
Hypo-Sulphuric  Acid  .  >2 

Sulphuretted  Hydrogen  17 
BisuJphuretted  Ditto  .  33 


76 

100 

37 


Phosphorous  Acid 
Phosphoric  Acil. 
Hypo-phosphorous 


Acid 


Selenic  Acid 


Carbonic  Acid 


Boracic  Acid 


Ammonia  17 


20 

28 

32 


56 


22 


22 


Water  ....  9 

Peroxide  of  Hydrogen  .  .  >17 

Protoxide  of  Nitrogen  .  .  22 

Deutoxide  of  Nitrogen  .  .  30 


Protoxide  of  Chlorine  .  .  44 

Peroxide  of  Ditto  .  .  68 


Chloride  of  Nitrogen  •  .  158 


Iodide  of  Nitrogen  .  •  386 


«  k, 


Chloride  of  Sulphur  .  .52 


Proto-phosphnretted  Hydrogen  14 
Per  phosphuretted  Hydrogen  13 
Proto  Chloride  of  Phosphorus  48 
Per-Chloride  of  Ditto  .  .  94 


Carbonic  Oxide  .  .  .14 

Sub-Carburetted  Hydrogen  .  8 

Carburetted  Hydrogen  .  .  14 

Chloride  of  Carbon  .  .  .42 

Per-Chloride  of  Carbon  .  120 

Sub-Chloride  of  Carbon  .  48 

Cyanogen  .  .  .  .26 

Sulphuret  of  Carbon  .  .  38 

Silex  .  .  .  •  %  16 


(§  186.)  The  union  of  substances  of 
the  first  division  with  those  of  the  second, 
(that  is  to  say,  of  acids  with  bases), 
gives  rise  to  a  very  important  class  of 
compounds,  to  which  the  general  name 
of  salts  has  been  given.  The  chemical 


nomenclature  distinguishes  them  by 
changing  into  ate  termination  of  the 
acids  ending  in  ic,  or  those  which  con¬ 
tain  the  largest  proportion  of  oxygen 
($  60);  and  into  ite,  the  termination  in  ous 
denoting  an  inferior  proportion :  as  ni- 
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t rate  from  nitric,  nitrite  from  nitrons 
acid,  or  sulphate  from  sulphuric,  and  sul¬ 
phite  from  sulphurous  acid,  and  placing 
it  before  the  name  of  the  alkali,  as  the 
nitrate  of  ammonia,  the  sulphite  of 
ammonia,  &c.  The  general  designation 
of  salifiable  base  is  also  given  to  any 
body  which  forms  a  salt  by  combination 
with  an  acid. 

The  salifiable  bases  are  not  only  dis¬ 
tinguished  by  their  property  of  saturat¬ 
ing  the  acids,  but  also  of  being  liberated 
from  their  combinations  at.  the  negative 
pole  of  the  voltaic  battery,  when  ex¬ 
posed  to  the  repulsive  power  of  elec¬ 
tricity,  while  the  acids  appear  at  the 
positive  pole. 

The  only  salifiable  base  which  is 
formed  by  the  binary  combinations  of 
the  non-metallic  elements  is  ammonia, 
or,  as  it  is  sometimes  called,  the  volatile 
alkali. 

In  the  third  division  of  the  above  table 
there  are  three  compounds  which  enter, 
in  the  manner  of  elementary  substances, 
into  composition  with  other  bodies ;  these 
are,  water,  silex,  and  cyanogen.  To  this 
property  of  the  latter  body  we  have  be¬ 
fore  alluded  (§  173),  and  the  nature  of 
its  compounds  will  be  hereafter  more 
fully  investigated. 

Of  the  combination  of  water  in  defi¬ 
nite  proportions  with  other  bodies,  we 
have  given  examples  as  forming  the 
water  of  crystallization  in  salts  (§81), 
which  is  essential  to  their  eonstitution 
as  crystals  ;  and  as  a  necessary  con¬ 
stituent  of  the  hydro-acids,  as  the  hydro- 
nitric  (§  72)  and/iycteo-sulphuric  acids 
(§  118).  To  the  remaining  definite 
compounds  of  water  with  different 
salifiable  bases  the  term  hydrates  has 
been  applied.  In  most  of  them  it  loses 
its  fluid  form,  becomes  fixed,  and  is 
often  retained  by  so  powerful  an  affi¬ 
nity,  as  not  to  be  separated  by  the  appli¬ 
cation  of  the  most  violent  heat :  of  this 
species  of  combination  many  examples 
will  occur  in  the  sequel. 

With  regard  to  the  third  neutral  body, 
silex,  the  nature  of  its  union  with  other 
substances  is  less  understood  than  that 
of  any  other  class  of  compounds.  They 
are  chiefly  found  in  the  mineral  king¬ 
dom,  and  W'ill  be  carefully  examined 
when  we  come  to  treat  of  the  analysis 
of  minerals.  It  has  sometimes  been 
ranked  with  the  acids,  or  electro¬ 
negative  compounds,  on  account  of  its 
affinities  being  chiefly  exerted  upon  dif¬ 
ferent  bases  hereafter  to  be  described, 


43 

Its  few  artificial  combinations,  of  which 
glass  is  the  most  important,  but  which, 
according  to  the  account  which  we  have 
already  given  of  its  composition  (§  180), 
we  are  not  at  present  warranted  in  class¬ 
ing  with  the  definite  compounds,  will  be 
noticed  in  the  succession  of  the  different 
bodies  with  which  it  unites. 

Before  we  continue. our  account  of 
the  simple  substances,  by  proceeding  to 
enumerate  the  properties  of  the  me¬ 
tallic  elements,  we  deem  it  most  condu¬ 
cive  to  our  purpose,  to  describe  the 
combination  of  the  preceding  acids  with 
ammonia,  and  briefly  to  point  out  the 
properties  of  such  of  the  salts  of 
this  base  as  possess  any  interest,  or 
whose  composition  is  sufficiently  under¬ 
stood. 

It  may,  perhaps,  be  objected  to  this 
arrangement,  that  we  shall  thus  separate 
the  ammoniacal  salts  from  the  great  class 
of  saline  bodies,  which  are  generally  and 
conveniently  arranged  together ;  but,  in¬ 
dependently  of  certain  peculiarities 
which  might  authorise  such  a  sepa¬ 
ration,  and  which  will  be  hereafter 
pointed  out,  we  deem  it  justified  by  the 
facilities  which  it  affords  for  illustration, 
and  for  the  gradual  application  of  the 
first  elements  of  the  science,  of  which  it 
is  our  principal  aim  to  render  the  ac¬ 
quirement  as  easy  as  possible. 

The  preceding  details  having  strongly 
illustrated  the  fundamental  law  of  che¬ 
mical  composition,  that  the  equivalent 
numbers  of  the  simple  substances,  or 
their  multiples,  are  preserved  in  all  their 
combinations  with  each  other,  the  no 
less  important  remark  will  now  be  es¬ 
tablished,  that  when  any  body  is  com¬ 
pounded  of  two  or  more  elements,  and 
enters  inlo  union  with  another  body,  the 
sum  of  the  equivalents  of  such  elements 
will  give  the  number  denoting  the  pro¬ 
pot  tion  in  which  it  will  so  combine 
(§27):  a  strong  confirmation  is  thus 
incidentally  afforded  of  the  value  of  the 
equivalents  previously  determined. 

($  187.)  The  salts  of  ammonia  are  dis¬ 
tinguished  as  a  class,  by  being  all  vola¬ 
tile,  or  decomposable  by  a  strong  heat. 
If  the  acid  with  which  this  base  is  com¬ 
bined  be  volatile,  the  salt  will  be  sub¬ 
limed  without  change ;  but  if  it  be  fixed, 
the  ammonia  will  fly  off,  and  the  acid 
remain.  Their  taste  is,  in  general,  hot 
and  biting;  arid  they  all  emit  the  well- 
known  smell  of  the  volatile  alkali,  when 
mixed  with  caustic  lime. 
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Nitrate  of  Ammonia. — Anhydrous  71, 
Crystallized  80. 

(1  N.  54  +  1  A.  17  +  1  W.  9.) 

(§  188.)  The  composition  and  decom¬ 
position  of  this  salt  have  been  already 
described,  for  the  purpose  of  illustration 
(§  80).  It  readily  deliquiates  (attracts 
moisture  from  the  air) ;  and  its  most  im¬ 
portant  property  is  that  of  yielding  the 
protoxide  of  nitrogen  when  decomposed 
by  heat  (§  61). 

Muriate  of  Ammonia. — Anhydrous  54, 
Crystallized  63. 

(1  M.  37  +  1  A.  17  +  1  W.  9.) 

(§  189.)  Muriate  of  ammonia  may  be 
formed  by  mixing,  over  mercury,  equal 
volumes  of  ammonia  and  muriatic  acid 
gases,  which  will  be  entirely  condensed 
into  a  white  solid,  which  is  the  anhy¬ 
drous  salt ;  or  it  may  be  produced  by 
neutralizing  a  solution  of  ammonia  with 
solution  of  muriatic  acid.  Upon  eva¬ 
poration,  the  salt  will  be  obtained  in 
crystals  containing,  in  addition,  one 
equivalent  of  water.  It  is  in  this  state 
that  it  is  found  in  commerce  under  the 
name  of  sal  ammoniac ;  and  it  is  manu¬ 
factured  in  abundance,  by  a  complicated 
process,  from  bones  and  other  refuse 
animal  matters. 

The  salt  possesses  a  pungent  saline 
taste  :  it  is  readily  soluble  in  water,  pro¬ 
ducing  a  considerable  reduction  of  tern 
perature ;  and  boiling  water  dissolves 
more  than  cold,  the  excess  being  depo¬ 
sited  in  crystals  as  the  solution  cools. 
It  sublimes,  without  undergoing  any 
change,  at  a  temperature  below  redness. 
It  may  be  passed,  without  alteration, 
through  glass  or  earthenware  tubes 
heated  to  redness  ;  but,  when  transmit¬ 
ted  over  ignited  metals,  it  is  resolved 
into  its  gaseous  elements. 

The  action  of  chlorine  upon  ammonia 
affords  a  singularly  beautiful  instance 
of  the  play  of  chemical  affinities.  When 
these  two  gases  are  suddenly  mixed,  they 
act  so  powerfully  on  each  other,  that  a 
flash  of  white  light  accompanies  the 
mixture ;  and  when  in  the  proportion  of 
one  part  of  the  former  to  three  of  the 
latter,  muriate  of  ammonia  and  nitrogen 
are  the  products.  The  chlorine  takes 
hydrogen  from  one  portion  of  the  am¬ 
monia,  liberating  its  nitrogen,  and  forms 
muriatic  acid,  which  combines  with  the 
remainder  of  the  ammonia  to  produce 
the  salt.  The  experiment  is  very  striking, 
and  not  difficult  of  performance  in  a 


rough  way.  For  this  purpose  two  wide¬ 
mouthed  bottles  may  be  fitted  together, 
by  grinding,  in  such  a  way  that  one  may 
stand  inverted  upon  the  mouth  of  the 
other.  One  of  these  may  be  filled  with 
chlorine,  and  placed  with  its  mouth  up¬ 
wards,  covered  with  a  ground  disk  of 
glass.  The  other  may  be  filled  with  am¬ 
monia,  by  holding  it  over  a  tube  pro¬ 
ceeding  from  another  bottle  containing 
a  mixture  of  sal  ammoniac  and  lime 
heated.  The  ammonia,  as  it  rises,  will 
displace  the  common  air,  and  it  may  be 
known  to  be  full  by  the  escape  of  the 
pungent  gas.  The  bottle  may  then  be 
carefully  placed,  with  its  mouth  always 
kept  downwards,  upon  the  bottle  of 
chlorine,  after  removing  the  disk  of 
glass,  and  the  position  of  the  two  dex¬ 
terously  reversed.  The  heavy  chlorine 
and  the  light  ammonia  will  rush  in  op¬ 
posite  directions,  and  unite  with  the  ex¬ 
trication  of  flame. 

Muriate  of  ammonia  is  used  in  the 
arts  for  various  purposes,  and,  amongst 
others,  for  preventing  the  oxidation  of 
the  surface  of  copper  in  tinning.  The 
aqua  regia  of  commerce,  for  the  solu¬ 
tion  of  gold,  is  formed  by  dissolving  sal 
ammoniac  in  nitric  acid. 

Hydriodateof  Ammonia. — 142. 

q  (1  H.  124  +  1  A.  17.) 

(§  ^90.)  We  have  shown  (§  112)  that  I 
when  iodine  is  kept  in  a  solution  of  am-  I 
monia,  a  new  elective  affinity  is  brought  I 
into  action ;  part  of  it  unites  with  the  I 
nitrogen  of  that  compound,  and  is  pre-  I 
cipitated  in  the  form  of  a  brown  powder,  I 
while  another  part  combines  with  the  I 
hydrogen,  and  produces  the  hydrio-  1 
die  acid,  which  further  neutralizes  any  I 
excess  of  the  alkali,  and  forms  hydrio-  I 
date  of  ammonia.  This  salt  may  also  1 
be  formed  by  mixing  the  aqueous  solu-  If 
tions  of  the  acid  and  the  base.  It  crys-  I 
tallizes  in  the  form  of  cubes ;  is  moi'e  I 
soluble  than  the  muriate  of  ammonia  ;  I 
and,  like  it,  may  be  sublimed  in  close  I 
vessels  without  change.  It  is  composed  I 
of  equal  volumes  of  hydriodic  acid  and  I 
ammoniacal  gases. 

Sulphite  of  Ammonia. 

Anhydrous  49. — (1  S.  32  -f  1  A.  17.)  ■ 
Crystallized  107. — (2  S.  64  +  2  A.  34  -+•  I 
1  W.  9.) 

($  191.)  This  salt  may  be  produced  by  I 
the  direct  combination  of  its  acid  andB 
base.  It  crystallizes  in  prisms;  itstasteH 
is  cool,  and  leaves  a  flavour  of  sulphur* 
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in  the  month.  It  is  soluble  in  its  own 
weight  of  cold  water,  producing:  a  con¬ 
siderable  depression  of  temperature. 
Its  solubility  increases  w'ith  heat,  and  a 
saturated  boiling  solution  crystallizes  on 
cooling.  It  rapidly  attracts  moisture 
and  oxygen  from  the  air,  and  is  soon 
converted  into  a  sulphate. 

Sulphate  of  Ammonia. 

Dry  66.— (1  S.  40  +  1  A.  17  +  1  W.  9.) 

Crystallized  75.— (1  S.  40  +  1  A.  17  + 
2  W.  18.) 

(§  192.)  This  salt  may  be  formed  by 
neutralizing  ammonia  with  sulphuric 
acid,  or  by  the  decomposition  of  either 
the  muriate  or  carbonate  of  ammonia 
by  the  same  acid,  which  has  a  superior 
affinity  for  the  base.  It  crystallizes  in 
small  prisms ;  has  a  sharp  bitter  taste  ; 
is  soluble  in  twice  its  weight  of  cold, 
and  in  its  own  weight  of  boiling  water ; 
and  slowly  attracts  moisture  from  the  air. 
The  crystals  contain  two  equivalents  of 
water,  one  of  which  may  be  expelled  by 
careful  drying,  but  the  other  cannot  be 
driven  off  without  decomposing  the  salt. 
It  is  chiefly  used  for  the  manufacture  of 
sal  ammoniac,  which  is  obtained  by  sub¬ 
limation  from  a  mixture  of  sulphate  of 
ammonia  and  common  salt. 

Hydrosulphate *  of  Ammonia. — 34. 

(I  H.  17  +  1  A.  17.) 

(§  193.)  When  currents  of  sulphuretted 
hydrogen  and  ammonia  are  made  to 
pass  together  into  a  vessel  kept  cool  by 
ice,  they  combine,  and  the  product 
crystallizes  in  transparent,  colourless 
needles.  This  salt  is  probably  composed 
of  an  equivalent  of  each  ingredient.  It 
is  very  volatile,  and,  when  kept,  in  glass, 
gradually  sublimes  to  the  top  of  the 
vessel.  The  same  salt  may  be  obtained 
in  solution,  by  passing  a  current  of  sul¬ 
phuretted  hydrogen  into  liquid  ammonia. 
It  assumes  very  soon  a  greenish -yellow 
colour.  It  is  much  employed,  as  will 
be  hereafter  seen,  as  a  test  for  metals  in 
solution. 

Carbonate  of  Ammonia. — 39. 

(1  C.  22  +  1  A.  17.) 

($  194.)  When  dry  carbonic  acid  is 

*  The  chemical  nomenclature  is  imperfect  with 
regard  to  those  acids  into  the  composition  of  which 
hydrogen  essentially  enters;  inasmuch  as  the  prefix 
hydro  is  likewise  employed  to  distinguish  certain 
acids  in  combination  with  water  (§  7 2)  from  the 
same  acids  in  an  anhydrous  state.  The  combina¬ 
tions  of  sulphuretted  hydrogen,  with  salihabie  bases, 
are  some  times  termed  hydro  sulphurets, 


mixed  over  mercury  with  twice  its 
volume  of  ammonia,  complete  conden¬ 
sation  takes  place,  and  a  drv,  white, 
volatile  powder  is  produced.  The  taste 
and  smell  of  this  salt  are  the  same  as 
those  of  ammonia,  but  not  so  pungent. 
It  converts  the  blue  colour  of  vegetables 
to  green.  Hot  water  dissolves  its  own 
weight  of  it,  and  it  is  soluble  in  rather 
less  than  twice  its  weight  of  cold  water. 
It  speedily  evaporates  when  heated ;  and 
when  long  kept,  the  ammonia  escapes, 
and  the  residual  salt  is  found  to  contain 
a  larger  proportion  of  carbonic  acid. 

Bicarbonate  of  Ammonia. 

Crystallized  79. 

(2  C.  44  +  1  A.  17  -p  2  W.  18.) 

(§  195.)  When  a  current  of  carbonic 
acid  gas  is  made  to  pass  through  a  so¬ 
lution  of  carbonate  of  ammonia,  the 
base  unites  with  a  further  equivalent  of 
the  acid,  and  a  distinct  salt  is  formed. 
When  the  solution  is  gently  evaporated, 
it  may  be  obtained  in  crystals,  which 
have  no  smell,  and  very  little  taste.  The 
same  salt  is  also  formed  when  gaseous 
carbonic  acid  and  ammonia  are  made  to 
act  on  each  other  when  water  is  present. 
This  liquid  so  far  overcomes  the  elasti¬ 
city  of  the  gas,  which  prevents  any  fur¬ 
ther  combination,  when  unopposed,  as 
to  enable  it  to  unite  with  another  equi¬ 
valent  of  the  acid  ;  affording  an  illustra¬ 
tion  of  the  general  observation  which 
we  have  made  (§§  3, 15),  that  the  repul¬ 
sive  power  prevailing  in  aeriform  fluids 
is  opposed  to  chemical  attraction. 

(§  196.)  Salts  which  are  thus  consti¬ 
tuted  of  two  equivalents  of  their  acid 
are  distinguished  by  the  Greek  numeral 
Bi  (two)  prefixed  to  their  names. 

Sesqui-Carbonate  of  Ammonia. 

Crystallized  118. 

(3  C.  66  +  2  A.  34  +  2  W.  18.) 

(§  197.)  Another  compound  of  carbo¬ 
nic  acid  and  ammonia  is  known,  and 
commonly  met  with  in  commerce,  under 
the  name  of  carbonate  of  ammonia.  It 
is  obtained,  by  sublimation,  from  a  mix¬ 
ture  of  muriate  of  ammonia  and  chalk. 
When  fresh  prepared  it  is  of  a  crystal¬ 
line  texture,  and  semi-transparent,  hard 
and  compact.  Its  smell  is  pungent ;  its 
taste  penetrating ;  and  it  affects  the  blue 
colours  of  vegetables  in  the  mariner  of 
alkalies.  Analysis  has  proved  it  to  he  a 
compound  of  carbonic  acid  and  ammo¬ 
nia,  in  the  proportion  of  three  eqmva- 
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lents  of  the  former  to  two  of  the  latter. 
By  exposure  to  the  air  it  gradually  loses 
weight,  by  throwing  off  one  equivalent 
of  its  acid  and  its  base,  and  becomes 
converted  into  the  tasteless,  inodorous 
62'- carbonate. 

(§  198.)  To  distinguish  this  constitu¬ 
tion  of  a  salt  in  the  proportion  of  one 
and  a  half  equivalent  of  acid  to  one  of 
base  (which  is  not  a  common  occur¬ 
rence)  the  term  sesqui  is  prefixed  to  its 
name*. 

(§  199.)  All  the  other  acids  named 
in  the  preceding  table,  form  distinct  and 
well-characterized  salts,  by  combining 
in  the  proportion  of  their  equivalents, 
and  sometimes  of  their  multiples,  with 
ammonia ;  but  they  are  not  of  import¬ 
ance  enough  to  our  object  to  require 
minute  description. 

Chapter  VI. 

On  the  Metals,  the  Oxides  of  which  arc 
reducible  by  mere  Heat. 

Mercury ,  Rhodium, 

Silver,  Iridium, 

Gola,  Osmium, 

Platinum,  Nickel, 

Palladium, 

and  their  Binary  Compounds. 

($  200.)  The  metallic  elements,  to 
which  we  are  now  about  to  direct  our 
attention  form  a  highly  interesting 
class ;  and  are  connected  together  by 
certain  physical  properties,  which  are 
common  to  them  all. 

They  are  opaque,  and  possess  a 
lustre,  even  in  their  minutest  fragments, 
so  peculiar  as  to  be  well  known  to  every 
one  by  the  name  of  the  metallic  lustre. 
They  are  fusible  at  different  degrees  of 
heat,  and  when  melted  retain  their 
opacity  and  brilliancy. 

They  reflect  the  greater  part  of  the 
light' and  heat  which  falls  upon  their 
surface  when  polished,  and  form  excel¬ 
lent  mirrors.  They  are  very  good  con¬ 
ductors  both  of  electricity  and  heat.  They 
belong  to  the  class  of  electro-positive 
elements  ;  passing,  when  subjected  to 
t-he  decomposing  power  of  electricity, 
to  the  negative  pole,  from  all  their  com¬ 
binations  with  oxygen,  chlorine,  bromine, 
and  iodine.  They  possess,  in  different 
degrees,  a  peculiar  tenacity;  which, 
when  in  its  greatest  perfection,  renders 
them  malleable  and  ductile,  or  capable 
of  being  extended  under  the  hammer 
and  drawn  into  wire. 

The  number  of  metals  at  present 

•  A  Latin  word,  denptieg  the  whole  cf  a  thiaj; 
And  one  half  more. 


recognised  amounts  to  about  forty,  and 
for  the  purpose  of  facilitating  the  ac 
quirement,  retention,  and  application 
of  a  knowledge  of  their  properties,  it 
will  be  proper  to  divide  them  into  dif¬ 
ferent  orders  or  groups. 

With  this  view,  a  convenient,  though 
by  no  means  a  perfect,  arrangement 
may  be  formed  upon  the  different  force 
of  their  affinity  for  oxygen ;  which 
varies  so  greatly,  that  at  one  extremity 
of  the  scale  the  gaseous  element  is  ca¬ 
pable  of  being  driven  off  by  the  mere 
application  of  heat ;  while  at  the  other 
it  is  so  strongly  retained,  as  to  require 
the  utmost  power  of  the  voltaic  pile  to 
effect  its  separation.  By  classing  them 
in  this  way,  we  shall  have  the  incidental 
advantage  of  separating  those  which, 
generally  Speaking,  have  been  longest 
known,  and  are  most  eminently  endowed 
with  the  characters  of  the  genus,  and  of 
most  value  for  all  the  common  purposes 
of  life,  from  those  which  are  the  fruits 
of  recent  discoveries,  and,  in  their  me¬ 
tallic  state,  useless,  except  in  the  hands 
of  the  scientific  experimentalist. 

Our  first  division  consists  of  those 
metals,  whose  oxides  are  reducible  to 
the  metallic  state  by  the  application  of 
heat  alone.  These  are  nine  in  number, 
viz.,  Mercury,  Silver,  Gold,  Platinum, 
Palladium,  Rhodium,  Iridium,  Osmium, 
anil  Nickel.  On  account  of  their  great 
inalterability,  they  have  been  popularly 
designated  as  Noble  Metals.  Their  pro¬ 
perties  we  shall  proceed  to  investigate, 
and  those  of  such  of  their  binary  com¬ 
pounds  as  are  calculated  to  interest  and 
instruct. 

Mercury. — 200. 

(§201.)  Mercury,  or  quicksilver,  is 
the  only  metal  which  assumes  the  fluid 
form  at  the  ordinary  temperature  of 
the  atmosphere.  When  cooled  to  about 
40°  below  0°  of  Fahrenheit,  a  degree  of 
cold  which  sometimes  occurs  naturally 
in  very  high  polar  latitudes,  it  becomes 
solid.  It  can  also  be  congealed  by  arti¬ 
ficial  freezing  mixtures,  and  the  evapo¬ 
ration  of  sulphuret  of  carbon  (§  175) 
in  the  vacuum  of  an  air-pump.  In  this 
state  it  is  malleable,  and  may  be  cut 
with  a  knife.  Its  colour  is  white,  but 
rather  bluer  than  that  of  silver:  its 
specific  gravity  at 47°  above  0°  is  13.6. 
It  is  volatile,  and  its  vapour  rises  in 
small  quantities,  even  at  the  common 
temperature  of  the  air.  At  about  660° 
Fahrenheit  it  boils  rapidly,  and  may  be 
purified  by  distillation. 

It  is  found  in  nature,  in  smalFquan- 
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tities,  in  the  metallic  state;  but  the  ore 
from  which  it  is.  chiefly  extracted  is  a 
sulphuret,  commonly  known  by  the 
name  of  cinnabar. 

Its  combining  proportion,  or  equi¬ 
valent  number,  is  known  from  the 
analysis  of  its  binary  compounds,  of 
which  we  shall  proceed  to  give  some 
account. 

Mercury  and  Oxygen. 

Protoxide  of  Mercury. — 208. 

(1  M.  200+1  0.  8.) 

(§  202.)  We  have  already  stated  (§  23), 
that  when  mercury  is  violently  agitated, 
for  a  long  time,  in  contact  with  atmos¬ 
pheric  air,  it  combines  with  its  oxygen, 
and  becomes  converted  into  a  black,  in¬ 
sipid,  insoluble  powder,  which  consists 
of  200  parts  of  metal  and  8  of  oxygen. 
This  protoxide  may  more  readily  be  ob¬ 
tained  by  triturating  in  a  mortar  calo¬ 
mel,  with  a  solution  of  pure  potash  or 
hot  lime-water.  It  must  be  washed 
with  cold  water,  and  gradually  dried  in 
a  dark  place,  as  with  access  of  light 
and  heat  it  rapidly  resolves  itself  into  the 
peroxide  and  metallic  mercury. 

This  oxide,  if  exposed  to  the  air  at  a 
moderate  heat,  absorbs  a  further  pro¬ 
portion  of  oxygen  ;  but  if  distilled  in  a 
glass  retort  its  oxygen  is  evolved. 

Per -oxide  of  Mercury. — 216. 

(I  M.  200  +  2  O.  16.) 

(§  203.)  The  peroxide  of  mercury  may 
not  only  be  obtained  by  exposing  the 
metal  to  the  combined  agency  of  heat 
and  air,  but  also  by  dissolving  it  in 
nitric  acid,  and  afterwards  driving  off 
the  acid  by  a  heat  just  sufficient  for  that 
purpose. 

It  is  of  a  red  colour,  and  sparingly 
soluble  in  water,  to  which  it  coinmuni 
cates  the  property  of  turning  blue  ve¬ 
getable  colours  green.  When  distilled 
alone,  ip  a  glass  tube,  it  yields  oxygen 
gas,  and  the  metal  is  revived.  Careful 
analysis  proves,  that  it  contains  just 
double  the  quantity  of  oxygen  in  the 
protoxide,  or  8  parts  in  every  108. 

Both  the  oxides  of  mercury  combine 
with  the  acids,  and  constitute  salifiable 
bases. 

Mercury  and  Chlorine. 

Proto-chloride  of  Mercury. — 236. 

(1  M.  200  +  1  C.  36.) 

(§  204.)  When  chlorine  is  brought 
into  contact  with  mercury,  at  common 
atmospheric  temperatures,  the  two  sub¬ 
stances  combine  in  the  proportion  of  one 


equivalent  of  each :  but  the  proto-chlo¬ 
ride  may  more  easily  be  obtained,  by 
pouring  into  the  solution  of  the  metal 
in  nitric  acid  a  solution  of  common  salt 
or  muriatic  acid.  It  is  precipitated  in 
the  form  of  a  ponderous,  white  powder, 
which  must  be  washed  and  dried  at  a 
gentle  heat.  Proto-chloride  of  mercury, 
or  calomel,  has  a  specific  gravity  of  7.2  ; 
it  is  tasteless,  and  nearly  insoluble  in 
water.  When  exposed  to  heat,  it  sublimes 
unaltered :  when  scratched,  it  exhibits  a 
yellow  streak,  which  may  distinguish  it 
from  other  bodies.  It  constitutes  a 
well-known  and  highly  useful  medicine. 

Bi-chloride  of  Mercury. — 272. 

(1  M.  200  +  2  C.  72.) 

(§  205.)  When  mercury  is  heated  in 
chlorine,  the  two  bodies  combine  to¬ 
gether  with  a  pale  flame,  in  the  propor¬ 
tion  of  one  equivalent  of  the  former  and 
two  of  the  latter.  The  bichloride,  which 
is  also  well  known  by  the  name  of  Corro¬ 
sive  sublimate,  is  prepared  for  medici¬ 
nal  purposes  by  intimately  mixing  to¬ 
gether  73  parts  of  sulphate  of  mercury 
(formed  by  boiling  together  to  dryness 
50  parts  of  mercury  with  70  of  sulphu¬ 
ric  Scid)  with"  120  parts  of  common 
salt,  and  subliming.  When  thus  ob¬ 
tained,  it  is  of  a  crystalline  texture, 
colourless,  and  semi-transparent.  It  is 
soluble  in  water,  and  highly  poisonous. 
Its  taste  is  acrid,  burning,  and  metallic. 
Its  specific  gravity  5.2.  It  sublimes  at 
a  red  heat,  without  change.  If  272  parts, 
or  one  equivalent,  of  the  bichloride  be 
very  intimately  mixed,  by  trituration, 
with  200  parts,  or  one  equivalent,  of 
mercury,  and  the  mixture  sublimed, 
the  proto-chloride  will  be  obtained; 
and  this  is  a  common  way  of  pre¬ 
paring  calomel  for  use.  When  pro¬ 
cured,  however,  by  this  process,  it  al¬ 
ways  contains  a  little  corrosive  subli¬ 
mate  ;  from  which,  after  reducing  it  to 
powder,  it  should  be  carefully  purified 
by  washing. 

Mercury  and  Sulphur. 

Proto-sulphur et  of  Mercury . — 216. 

(1  M.  200  +  1  S.  16.) 

(§  206.)  By  long  continued  trituration 
together,  mercury  and  sulphur  combine 
in  the  proportion  of  one  equivalent  of 
each,  and  form  a  black-coloured  powder. 
The  same  proto-sulphuret  may  also  be 
obtained  by  transmitting  a  current  of 
sulphuretted  hydrogen  through  water, 
in  which  powdered  calomel  is  kept  sus- 
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pended.  When  exposed  to  heat,  it  is 
resolved  into  the  bi-sulphuret  and  me¬ 
tallic  mercury. 

Bi-sulphuret  of  Mercury. — 232. 

(1  M.  200  +  2  S.  32.) 

(§  207.)  When  mercury  and  sulphur 
are  fused  together,  and  afterwards  sub¬ 
limed,  a  red  sulphuret  is  formed,  which 
is  known  as  a  fine  pigment  by  the  names 
of  cinnabar  or  vermilion.  Jt  contains 
exactly  double  the  proportion  of  sulphur 
in  the  preceding  sulphuret.  It  may  also 
be  prepared  by  pouring  a  solution  ot 
corrosive  sublimate  into  a  solution  of 
hydro-sulphate  of  ammonia  (§  193). 
The  precipitate  which  is  obtained,  is  at 
first  of  a  muddy-brown  colour,  but, 
when  left  undisturbed,  gradually  as¬ 
sumes  the  bright  colour  of  cinnabar.  It 
is  from  this  compound,  found  in  nature, 
that  the  mercury  of  commerce  is  pro¬ 
cured.  By  mixing  it  with  iron-filings 
and  heating  it,  the  sulphur  passes  to 
the  iron,  and  the  mercury  is  obtained 
by  distillation. 

Silver. — 110. 

(§  208.)  Silver  is  one  of  the  metals 
which  have  been  longest  known  to  the 
inhabitants  of  the  earth.  It  is  of  a 
beautiful  white  colour  and  great  lustre. 
Its  specific  gravity  is  10.5,  and  in 
malleability  and  ductility  it  exceeds  all 
metals  except  gold.  It  may  be  ex¬ 
tended  into  leaves,  not  exceeding  -rvcunth 
of  an  inch  in  thickness,  and  drawn  into 
wire  finer  than  a  human  hair.  Its  fusing 
point,  measured  by  Daniell's  pyrometer, 
upon  Fahrenheit's  scale,  is  about  2233°. 
It  may  be  volatilized  by  a  very  strong 
and  long-continued  heat.  When  cooled 
slowly,  and  the  liquid  part  of  the  metal 
poured  off,  as  soon  as  the  surface  has 
congealed,  it  may  be  obtained  in  crys¬ 
tals.  Its  uses  for  money  and  for  orna¬ 
mental  articles  of  luxury  are  well  known, 
for  which  purposes  it  is  well  adapted  by 
its  great  inalterability ;  but  it  is  always 
alloyed  with  other  metals,  and  generally 
with  copper.  The  tarnish  which  affects 
it  arises  from  sulphureous  vapours,  not 
from  oxidation. 

It  is  found  in  silver  mines,  in  the 
metallic  state,  and  also  in  combination 
with  other  metals  and  with  sulphur. 

Silver  and  Oxygen. 

Oxide  of  Silver. — 118. 

(1  S.  110  +  1  O.  8.) 

(§  209.)  Silver  may  be  obtained  in 


combination  with  oxygen  by  dissolving 
it  in  nitric  acid,  and  mixing  the  solution 
with  lime-water.  After  washing  the 
precipitate  with  water,  it  should  be 
dried  at  a  temperature  under  redness. 

It  is  of  an  olive  colour,  insoluble  in 
water,  and  tasteless.  When  heated  to 
redness  the  oxygen  is  driven  off,  and 
the  metal  revived.  It  is  composed  of 
110  parts  of  the  metal  and  8  of  oxygen. 

It  combines  with  the  acids. 

Silver  and  Chlorine. 

Chloride  of  Silver. — 146. 

(1  S.  110+ 1  C.  36.) 

210.)  Silver  combines  with  chlo¬ 
rine,  and  forms  a  compound  well  known 
by  the  name  of  horn-silver.  It  may  be 
conveniently  formed  by  adding  a  solu¬ 
tion  of  silver  in  nitric  acid  to  a  solution 
of  common  salt.  The  white  precipi¬ 
tate,  which  is  the  chloride  of  silver,  be¬ 
comes  dark  and  finally  black,  if  ex¬ 
posed  to  light,  and  especially  to  the  j 
direct  rays  of  the  sun.  It  is  extremely 
insoluble  in  water,  but  readily  taken 
up  by  ammonia.  When  heated  to  a  dull 
red,  in  a  silver  crucible,  it  melts  ;  and, 
on  cooling,  forms  a  semi-transparent 
substance  not*  unlike  horn.  When 
fused  with  twice  its  weight  of  potash 
or  soda  it  is  decomposed,  and  a  globule 
of  pure  silver  obtained.  A  mixture  of 
chloride  of  silver,  chalk,  and  pearl-ash, 
is  employed  for  silvering  brass ;  such 
as  thermometer-scales,  clock-dials,  &c. 
The  metai  is  rendered  very  clean,  and 
the  mixture  moistened  with  water  well 
rubbed  upon  its  surface.  The  results 
of  the  most  careful  analyses  have  proved 
it  to  be  constituted  of  one  equivalent  of 
each  of  its  ingredients. 

Sulphur  and  Silver. 

Sulphuret  of  Silver. — 126. 

(1  S.  110+1  Su.  16.) 

(§  211.)  When  thin  plates  of  silver 
and  sulphur  are  laid  alternately  above 
each  other  in  a  crucible,  they  combine 
together  at  a  low  red  heat.  The  sul¬ 
phuret  is  of  a  black  colour,  and  capable 
of  being  cut  with  a  knife.  It  is  much 
more  fusible  than  the  metal.  When 
strongly  heated,  the  sulphur  is  slowly 
sublimed  from  it,  and  leaves  the  silver 
in  purity.  It  is  often  found  native  in 
the  mines.  The  same  compound  is  also 
produced  when  sulphuretted  hydrogen 
or  hydro-sulphate  of  ammonia  are 
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ladded  to  the  solutions  of  the  metal, 
lit  is  a  compound  of  1  equivalent  of 
Ithe  metal  and  1  of  sulphur. 

Silver  and  Mercury. 

Amalgam  of  Silver. — 310. 

(1  S.  110  +  1  M.  200.) 

I(§  212.)  The  combinations  of  mercury 
[with  other  metals  are  distinguished  by 
Ithe  name  of  amalgams ;  some  of  them 
I  are  definite  compounds,  and  may  be 
(obtained  in  crystals,  while  others  par- 
Itake  more  of  the  nature  of  solutions. 
They  are  generally  soft  solids,  of  the 
consistency  of  butter. 

Silver  very  readily  combines  with 
mercury ;  and  a  very  sensible  degree  of 
heat  is  produced  when  silver-leaf  and 
mercury  are  kneaded  together  in  the 
hand.  It  is  sometimes  found  native 
and  crystallized;  in  which  state  its 
analysis  has  shown  it  to  be  composed 
of  mercury  64,  and  silver  36 — which  is 
almost  exactly  in  proportion  of  an 
equivalent  of  each.  At  a  moderate  heat 
the  mercury  evaporates  and  leaves  the 
silver. 

It  is  sometimes  employed  for  an 
inferior  kind  of  plating;  for  this  pur¬ 
pose  it  is  applied  to  the  surface  of  cop¬ 
per,  and  the  mercury  being  driven  otf 
by  heat,,  the  remaining  silver  is  bur¬ 
nished. 

Gold. — 200. 

(§  213.)  Gold,  when  pure,  is  of  a 
yellow  colour,  mid  possesses  a  specific 
gravity  of  about  19.3.  It  exceeds  all 
other  metals  in  ductility  and  mallea¬ 
bility.  It  may  be  beaten  into  leaves 
sasosth  of  an  inch  in  thickness ;  and  a 
wire  of  only  T£§5ths  of  an  inch  diameter 
will  sustain  a  weight  of  150lbs.  Its 
melting  point  is  about  2590°  of  Fahren¬ 
heit’s  scale.  It  is  perfectly  unchanged  by 
fire  with  access  of  air,  and  the  intense 
heat  of  a  glass-house  furnace  has  no 
other  effect  upon  it  than  to  keep  it  in 
fusion.  It  is  not  acted  upon  by  any 
solvent,  except  a  mixture  of  muriatic 
and  nitric  acids,  or  the  aqua  regia  be¬ 
fore  described  (§  189).  Its  great  value 
for  the  purposes  of  coin,  when  slightly 
alloyed  with  other  metals,  is  well  known. 
From  its  great  beauty,  inalterability, 
and  lustre,  it  is  also  in  the  highest  re¬ 
quest  for  purposes  of  luxury  and  or¬ 
nament.  It  has  hitherto  only  been 
found  in  nature  in  the  metallic  state, 
either  pure  or  in  combination  with  other 
metals. 


Gold  and  Oxyoen. 

(§  214.)  Much  uncertainty  still  exists 
with  regard  to  the  combinations  of  gold 
with  oxygen.  When  a  strong  electric 
shock  is  passed  through  a  fine  gold  wire 
or  when  in  the  state  of  thin  leaf  it  is 
exposed  to  a  strong  current  of  elec¬ 
tricity,  from  a  voltaic  battery,  it  is 
burnt,  and  a  fine  purple  powder  is  the 
result,  which  there  can  be  little  doubt  is 
an  oxide  of  gold. 

If  gold  be  dissolved  in  a  mixture  of 
two  measures  of  muriatic  and  one  of 
nitric  acids,  the  solution  may  be  evapo¬ 
rated  to  drvness  by  a  moderate  heat, 
and  the  residual  salt  dissolved  in  water. 
A  solution  of  pure  potash  may  then  be 
dropped  into  it,  when,  with  the  assistance 
of  a  moderate  heat,  a  reddish  yellow- 
coloured  precipitate  will  be  formed, 
which  is  also  an  oxide  of  the  metal, 
combined  with  a  portion  of  water.  It 
may  be  rendered  anhydrous  by  boiling, 
and  it  then  assumes  a  brownish- black 
colour.  It  is  insoluble  in  water,  and  it 
parts  with  its  oxygen  by  exposure  to 
solar  light,  or  at  a  red  heat.  It  is  most 
probably  a  peroxide,  and  consists  of 
one  equivalent  of  gold  200,  and  3  equi¬ 
valents  of  oxygen  24,  making  its  num¬ 
ber  224.  It  is  taken  up  by  some  of  the 
acids. 

Gold  and  Chlorine. 

($  215.)  The  same  degree  of  uncer¬ 
tainty  exists  with  regard  to  the  chlo¬ 
rides  as  to  the  oxides  of  gold.  Gold  leaf 
introduced  into  chlorine  gas  takes  fire 
and  burns ;  and  if  it  be  suspended  in 
water,  into  which  the  gas  is  passed,  it 
is  dissolved,  and  the  solution  may  be 
concentrated  by  evaporation.  The  solu¬ 
tion  obtained  in  the  manner  directed 
in  the  last  section,  consists  also,  most 
probably,  of  the  same  per  chloride. 
By  exposure  to  a  moderate  heat  it  parts 
with  two-thirds  of  its  chlorine,  and  is 
converted  into  a  yellow  insoluble  proto¬ 
chloride. 

Gold  and  Sulphur. 

Per-sulphuret  of  Gold. — 248. 

(I  G.  200  +  3  S.  48.) 

(§  216.)  Sulphur,  even  when  assisted 
by  heat,  has  no  action  on  gold  ;  but 
when  a  current  of  sulphuretted  hydro¬ 
gen  is  passed  through  a  solution  of  that 
metal,  a  black  precipitate  is  formed, 
which  is  a  true  sulphuret  of  gold.  The 
sulphur  may  easily  be  expelled  from  this 
combination  by  heat.  It  is  composed  ot 
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1  equivalent  gold  .  .  .  200 
3  ditto  sulphur  ....  48 

248 

Gold  and  Mercury 
Amalgam  of  Gold. 

y§  21 7.)  Mercury  dissolves  gold  with 
great  facility  ;  and  the  amalgam  is  used, 
in  the  arts,  for  gilding.  When  applied 
upon  the  surface  of  the  metals  the  mer¬ 
cury  is  driven  off  by  heat,  and  a  thin 
coating  of  gold  remains :  the  process 
is  called  water-gilding.  The  amalgam 
may  be  obtained  in  crystals,  in  which 
case  there  can  be  no  doubt  that  it  is  a 
definite  compound. 

Platinum. — 96. 

(§  218.)  Platinum,  although  only 
found  in  the  metallic  state,  is  compara¬ 
tively  but  a  late  discovery.  The  general 
appearance  of  it  in  the  rough  state,  in 
which  it  is  brought  to  this  country,  is 
that  of  small  grains  or  scales,  darker 
than  silver,  and  extremely  heavy. 

When  purified  it  is  of  a  White  colour, 
lighter  than  that  of  iron,  and  exceeding 
all  other  metals  in  specific  gravity :  it 
being  21 .5,  and  the  most  ponderous  of 
all  known  substances.  It  is  extremely 
difficult  of  fusion,  but  may  be  melted  by 
a  flame  urged  with  oxygen  gas.  It 
possesses  the  valuable  property  of  weld¬ 
ing  ;  that  is  to  say,  at  a  white  heat  an 
incipient  fusion  takes  place,  which  covers 
its  surface  with  a  kind  of  varnish,  so 
that,  when  brought  into  contact  in 
this  state,  different  pieces  may  be  per¬ 
manently  united  by  forging.  In  this 
manner  it  can  be  hammered  into  bars, 
and  afterwards  beat  out  into  plates  or 
leaves  for  different  purposes  of  art. 
Like  gold,  it  is  insoluble  in  any  acid, 
except  a  mixture  of  the  muriatic  and 
nitric. 

It  has  lately  been  found  in  Russia  in 
considerable  quantities,  and  employed 
for  the  purposes  of  coin,  for  which  it  is 
well  adapted. 

Platinum  and  Oxygen. 

($  219.)  Considerable  uncertainty 
exists  with  regard  to  the  oxides  of  pla¬ 
tinum.  The  metal  cannot  be  made  to 
combine  with  oxygen  by  the  strongest 
heat  of  the  best  furnaces.  When  it 
has  been  dissolved  in  a  mixture  of 
muriatic  and  nitric  acids.,  a  precipitate 
may  be  formed  by  adding  to  the  solu¬ 
tion  either  soda  or  potash,  which  is 
said  to  be  constituted  of  about  96  metal 


and  16  oxygen.  It  is  the  basis  of  the 
salts  of  this  metal. 

Platinum  and  Chlorine. 

(§  220.)  Platinum  does  not  take  fire 
when  introduced  in  thin  leaves  into  chlo¬ 
rine,  but  it  slowly  combines  with  the 
gas,  and  is  converted  into  a  chloride. 
The  chloride  is  also  formed  by  its  solu¬ 
tion  in  the  nitro-muriatic  acid.  The  so¬ 
lution  should  be  evaporated  to  dryness, 
and  then  digested  with  muriatic  acid, 
which  should  also  be  driven  off.  The 
dry  mass  may  then  be  cautiously  heated 
nearly  to  redness.  Being  boiled  with 
a  considerable  quantity  of  water,  and, 
finally,  dried,  the  mass  is  most  proba¬ 
bly  a  chloride  of  platinum. 

It  is  of  an  olive  colour,  and  destitute 
of  taste  and  smell.  It  is  infusible1,  and 
scarcely  soluble  in  water.  When  heated 
to  redness,  the  chlorine  is  driven  off, 
and  the  pure  metal  remains.  It  is  coin- 


posed  of  about 

Parts 

Platinum  . 

• 

* 

.  96 

Chlorine 

• 

• 

36 

132 

Platinum  and  Sulphur. 

(§  221.)  Platinum  and  sulphur  com¬ 
bine  together,  directly,  by  mixing  equal 
weights  of  the  two  in  an  exhausted 
glass  tube,  and  heating  them  together. 
The  mass  should  be  finally  heated  nearly 
to  redness,  to  expel  every  thing  volatile. 
The  sulphuret  thus  formed  is  of  a  dull 
bluish-grey  colour.  It  has  no  lustre, 
but  when  rubbed  on  paper  it  leaves  a 
metallic  stain.  Its  analysis  nearly  corre¬ 
sponds  with  the  assumption  that  it  is  a 
compound  of  one  equivalent  of  each  in¬ 
gredient,  or 

Platinum  .  ...  96 

Sulphur  .  ,  .  .16 


112 

Palladium. — 56. 

(§  222.)  The  four  following  metals  were 
all  first  found  amongst  the  grains  of 
rough  platinum,  imported  into  this  coun¬ 
try  from  South  America,  and  their  dis¬ 
covery  soon  followed  the  establishment 
of  that  metal  as  a  distinct  species.  Palla¬ 
dium  resembles  platinum  in  colour,  ex¬ 
cept  that  it  is  a  little  duller.  It  is  mal¬ 
leable  and  ductile,  and  its  specific  gra¬ 
vity  is  about  11.5.  Its  point  of  fusion 
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appears  to  be  intermediate  between  those 
of  platinum  and  gold.  In  hardness,  it  is 
superior  to  wrought  iron.  On  exposure 
to  a  strong  heat  it  tarnishes  a  little,  but 
it  becomes  bright  again  upon  increasing 
the  temperature.  It  is  acted  upon  by 
the  nitric,  nitrous,  sulphuric,  and  muria¬ 
tic  acids,  but  is  most  readily  soluble  in 
the  nitro-muriatic. 

Palladium  and  Oxygen. 

(§  223.)Palladium  is  thrown  down  from 
its  solution  by  potash  in  the  state  of  an 
oxide  of  an  orange  colour,  which  is  sup¬ 
posed  to  be  a  compound  of 

1  equivalent  palladium  j.  56 
1  ditto  oxygen  ...  8 

64 

and  is  the  basis  of  its  salts.  ■  — 

Palladium  and  Sulphur. 

Sulphur et  of  Palladium. — 72. 

(1  P.  56  +  1  S.  16.) 

(§  224.)  Although  palladium  requires 
such  a  strong  heat  for  its  fusion,  if 
touched  when  hot  with  a  piece  of  sul¬ 
phur,  it  runs  like  lead.  The  sulphuret 
is  whiter  than  the  metal,  but  very  brittle. 


It  is  composed  of 

1  equivalent  palladium  » 

.  56 

1  ditto  sulphur 

.  16 

72 

Rhodium. — 44.? 

(§  225.)  Rhodium  has  only  been  pro¬ 
cured  in  very  minute  quantities,  from  the 
solutions  of  crude  platinum,  in  the  form 
of  a  black  powder,  which  requires  the 
strongest  heat  of  a  wind  furnace  for  its 
fusion.  When  fused,  it  has  a  white 
colour  and  metallic  lustre :  it  is  hard, 
brittle,  and  its  specific  gravity  is  about 
11.  It  is  not  acted  upon  by  any  acid  or 
mixture  of  acids,  except  when  alloyed 
with  other  metals,  in  combination  with 
which,  it  may  be  dissolved  by  the  nitro- 
muriatic  acid.  Its  solution,  when  freed 
from  the  metals  with  which  it  is  mixed, 
is  of  arose  colour  (from  whence  it  de¬ 
rives  its  name)  ;  and  pure  potash  preci¬ 
pitates  trom  it  a  yellow  oxide,  which  is 
soluble  in  all  the  acids  which  have  been 
tried., 

Iridium  and  Osmium. 

(J  226.)  When  the  crude  platinum  has 
been  submitted  to  the  action  of  nitro- 
muriatic  acid, apart  remains  undissolved, 
in  the  form  of  a  black  powder,  resem¬ 


bling  plumbago,  which  consists  of  a 
mixture  of  the  me  als  iridium  and  os¬ 
mium.  By  alternate  and  frequent  diges¬ 
tions  in  soda  and  muriatic  acid  the  two 
may  be  separated. 

Iridium  is  white,  and  has  only  once 
been  fused,  by  the  power  of  an  immense 
galvanic  battery,  into  a  porous  metallic 
globule,  which  possessed  the  high  speci¬ 
fic  gravity  of  18.6.  It  may  readily  be 
alloyed  with  other  metals,  and  gold  re¬ 
tains  its  colour  and  malleability,  though 
mixed  with  a  considerable  proportion. 
Its  most  marked  character  is  its  ex¬ 
tremely  difficult  solubility  in  acids. 

(§  227.)  Osmium  can  only  be  obtained 
as  a  metal  in  a  disintegrated  state  ;  as  it 
is  capable  of  supporting  a  white  heat, 
without  being  volatilized  or  fused.  It  is 
of  a  dark-grey  or  blue  colour.  If  ignited 
in  open  vessels,  with  access  of  air,  it  is 
oxidized,  and  then  dissipated  in  vapour. 
On  agitating  the  metal  with  mercury,  an 
amalgam  is  formed,  and  with  copper, 
silver,  and  gold,  it  forms  malleable 
alloys. 

The  pure  oxide  is  soluble  in  water  and 
volatile.  It  emits  a  peculiar  odour, 
which  has  something  of  the  pungency  of 
chlorine,  from  whence  it  derives  its 
name*.  The  aqueous  solution  is  colour¬ 
less  ;  and,  when  shaken  with  mercury, 
is  decomposed,  soon  loses  its  smell,  and 
forms  an  amalgam. 

Nickel. — 30.  ? 

(§  228.)  There  is  a  brittle  reddish  alloy, 
which  is  known  in  commerce  by  the 
name  of  speiss,  which  is  chiefly  a  com¬ 
pound  of  nickel  and  arsenic;  from  which, 
by  particular  treatment,  the  former  metal 
may  be  obtained  in  a  state  of  purity.  Its 
colour  is  white,  and  intermediate  be¬ 
tween  those  of  silver  and  tin.  When 
ignited,  its  colour  changes  to  bronze. 
It  will  receive  a  very  high  polish,  is  very 
malleable,  and  may  be  forged,  when  hot, 
into  bars ;  and  when  cold,  may  be  ham¬ 
mered  into  plates,  and  drawn  into  fine 
wire.  Its  specific  gravity  is  8.5.  It  is 
attracted  by  the  magnet,  and  is  itself 
capable  of  having  the  magnetic  power 
communicated  to  it.  It  is  fusible  with 
great  difficulty.  It  suffers  no  change 
at  common  temperatures  from  either  air 
or  water ;  but  by  a  long  exposure  to  a 
red  heat,  with  free  access  of  air,  it  is 
converted  into  a  brown  oxide,  which  is 
still  magnetic. 


*  From  a  Greek  word;,  signifying  odour. 
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Nickel  and  Oxygen. 

($  229.)  There  is,  probably,  move  than 
one  oxide  of  nickel;  but  some  uncer¬ 
tainty  exists  with  regard  to  their  consti¬ 
tution.  The  metal  burns  vividly,  and 
throws  out  sparks  in  oxygen  gas.  It 
may  also  be  precipitated,  in  the  state  of 
oxide,  from  its  solution  in  nitric  acid  by 
potash.  The  protoxide  is  calculated  to 
be  composed  of 

1  equivalent  of  nickel  .  ,  30 
\  ditto  oxygen  .  8 

38 

It  is  soluble  in  the  acids,  and  also  in 
ammonia,  which  latter  property  is  made 
use  of  to  separate  it  from  iron.  At 
a  sufficiently  high  temperature  all  its 
oxides  are  reducible  without  addition. 

Chapter  VII. 

On  the  Metals  which  absorb  and  retain 
Oxygen  at  high  temperatures,  but  do 
not  decompose  water  at  any  tempe¬ 
rature. 


Lead, 

Uranium, 

Tellurium, 

Antimony, 

Copper, 

Columbium, 

Bismuth, 

Tungsten, 

Titanium. 

Chromium , 

Cobalt, 

Molybdenum, 

Cerium, 

Arsenic, 

and  their  Binary  compounds. 

(§230.)  The  preceding  division  of  the 
metals  includes  all  those  whose  affinity 
for  oxygen  is  so  slight,  that  any  con¬ 
nexion  which  they  form  with  it  is  dis¬ 
solved  by  the  mere  application  of  a  high 
degree  of  temperature.  We  shall  now 
proceed  to  examine  those  which  absorb 
and  retain  oxygen  at  high  temperatures, 
but  whose  affinity  for  that  element  is  not 
sufficient  to  enable  them  to  decompose 
water  at  any  temperature.  The  list  con¬ 
sists  of  fourteen,  viz. — Lead,  Tellurium, 
Copper,  Bismuth,  Titanium,  Cobalt, 
Cerium,  Uranium,  Antimony,  Colum- 
bium,  Tungsten,  Chromium,  Molyb¬ 
denum,  and  Arsenic. 

Lead. — 104. 

(§  231.)  Lead  is  a  common,  useful,  and 
well-known  metal.  When  pure  it  has  a 
bluish-white  colour,  and,  when  recently 
melted  or  cut,  exhibits  considerable 
lustre.  It,  however,  very  soon  tarnishes. 
It  is  very  soft  and  flexible.  Its  specific 
gravity  is  11.3.  It  may  be  beaten  into 
thin  leaves,  and  drawn  into  wire.  Its 
melting  point  is  about  610°  of  Fahren¬ 


heit.  It  is  very  rarely  indeed  met  with 
in  nature  in  the  metallic  state  ;  but  the 
ore  from  which  it  is  chiefly  derived  is  a 
sulphuret. 

Lead  and  Oxygen. 

Protoxide  of  Lead. — 1 1 2. 

(1  L.  104  +  1  O.  8.) 

(§  232.)  Lead  absorbs  oxygen  quickly 
at  high  temperatures  ;  and,  when  fused 
in  open  vessels,  a  grey  film  forms  upon 
its  surface,  which  is  a  mixture  of  the 
metal  and  protoxide.  By  continuing  the 
heat  it  assumes  a  uniform  yellow  colour. 
In  this  state  the  protoxide  is  called,  in 
commerce,  massicot;  and,  when  par¬ 
tially  melted,  the  term  litharge  is  ap¬ 
plied  to  it.  When  thus  obtained,  how¬ 
ever,  it  is  always  impure. 

When  a  solution  of  lead  in  nitric  acid 
is  precipitated  by  potash,  the  dried  pow¬ 
der  is  the  protoxide  in  a  state  of  purity. 
It  has  a  yellow  colour;  is  insoluble  in 
water ;  fuses  at  a  red  heat ;  but  in  close 
vessels  is  unchangeable  in  the  fire.  It 
has  been  carefully  determined  to  be  a 
compound  of 

1  equivalent  of  lead  .  .104 
1  ditto  oxygen  .  8 
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It  constitutes  the  basis  of  the  salts  of 
lead. 

Deutoxide  of  Lead.*— 232. 

(2  L.  208  +  3  0.  24.) 

(§  233.)  The  deutoxide  of  lead  may  be 
obtained  by  exposing  the  protoxide  or 
massicot  to  heat,  with  a  large  surface 
and  free  access  of  air.  It  is  then  con¬ 
verted  into  the  well-known  pigment  red 
lead  or  minium.  At  a  red  heat  it  gives 
off  this  second  dose  of  oxygen,  and 
returns  to  the  state  of  protoxide.  It 
may  be  regarded  as  a  compound  of 

2  equivalents  of  lead  .  .  .  208 

3  ditto  oxygen  .  .  24 

232 

The  simple  proportions  of  which  are 
1  equivalent  of  lead  .  .  .  .104 

1|  ditto  oxygen  .  12 
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in  which  view  the  multiple  of  the  oxygen 
of  the  first  oxide,  not  being  an  entire 
number,  would  form  an  exception  to  the 
general  law  of  chemical  composition. 
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Peroxide  of  Lead. — 120. 

(1  L.  104  +  2  0.  16.) 

(&  234.)  When  the  deutoxide  of  lead  is 
digested  with  nitric  acid,  the  greater  part 
is  reduced  to  the  state  of  protoxide,  and 
dissolved  ;  but  a  dark  brown  powder  re¬ 
mains  insoluble,  which  is  the  peroxide. 
It  is  composed  of 

1  equivalent  of  lead  .  .104 

2  ditto  oxygen  .  16 


120 

When  strongly  heated  it  gives  off  three 
or  four  per  cent,  of  oxygen  gas,  and  is 
converted  into  protoxide.  By  passing  a 
stream  of  chlorine  through  red  lead  dif¬ 
fused  in  water,  a  solution  is  obtained, 
from  which  this  peroxide  may  be  preci¬ 
pitated,  in  abundance,  by  potash. 

(§  235.)  The  oxides  of  lead  are  easily 
vitrified,  and  have  the  property  of  com¬ 
bining  with  all  the  metals  except  gold, 
silver,  and  platinum,  and  those  which 
are  found  peculiarly  associated  with  the 
latter.  Gold  and  silver  may  thus  be 
purified  by  melting  them  with  lead:  the 
process  is  called  cupellation.  The  metal 
to  be  purified  is  wrapped  up  in  a  sheet 
of  lead,  and  laid  upon  a  crucible  made 
of  some  very  porous  substance  :  they 
melt  together,  the  lead  becomes  first 
oxidated,  then  vitrified,  and  sinks  into 
the  cupel,  carrying  along  with  it  all  the 
baser  metals,  and  leaving  the  gold  or 
silver  upon  its  surface. 

Lead  and  Chlorine. 

Chloride  of  Lead. — 140. 

(1  L.  104  +  1  C.  36.) 

(§  236.)  When  lead,  in  filings,  is  thrown 
info  chlorine  moderately  warmed,  the 
metal  burns  with  a  white  flame,  and 
throws  off  sparks.  The  combination, 
however,  may  more  readily  be  produced 
for  examination  by  adding  some  common 
salt  to  a  solution  of  lead  in  nitric  acid. 
The  precipitate  must  be  well  washed  in 
water,  and  dried. 

The  chloride  of  lead  has  a  sweet  taste, 
and  is  soluble  in  twenty-two  parts  of 
water  at  common  temperatures.  It  is 
fusible  at  a  heat  below  redness,  and 
then  assumes  the  appearance  and  con¬ 
sistence  of  horn,  and  has  been  called 
horn  lead.  It  may  also  be  volatilized 
by  raising  the  heat.  It  is  composed  of 
1  equivalent  of  lead  .  .104 
1  ditto  chlorine  .  36 

140 


Lead  and  Sulphur. 

Sulphuret  of  Lead. — 120. 

(1  L.  104  +  1  S.  16. 

(§  237.)  Lead  readily  combines  with 
sulphur,  and  forms  a  compound  less 
fusible  than  the  metal,  and  of  a  metallic 
lustre.  It  is  found  in  nature ;  and, 
under  the  name  of  Galena,  constitutes 
the  most  abundant  ore  from  whence  the 
metal  is  derived.  The  sulphuret  con¬ 
sists  of 

1  equivalent  of  lead  .  .104 
1  ditto  sulphur  .  16 
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Tellurium. — 29.  ? 

(§  238.)  Tellurium  is  a  metal  of  small 
importance,  found  only  in  minute  quan¬ 
tities  in  the  gold  mines  of  Transylvania. 
Its  colour  is  between  those  of  tin  and 
lead:  it  has  considerable  lustre,  and 
its  fracture  is  scaly.  It  is  very  brittle, 
and  melts  at  a  temperature  below  ig¬ 
nition.  It  is  the  most  volatile  of  all  the 
metals  except  mercury,  and  may  readily 
be  distilled.  Its  vapour  condenses  into 
brilliant  metallic  drops.  Its  specific 
gravity  is  only  6.1. 

Tellurium  and  Oxygen. 

($  239.)  Tellurium  is  oxidized  when 
heated  in  contact  with  air,  and  burns 
with  a  sky-blue  flame,  edged  with  green. 
It  gives  off  a  grey  smoke,  of  a  pungent 
nauseous  smell,  which  condenses  into  a 
white  oxide.  It  is  fusible  and  volatile  at 
high  temperatures.  There  are  some 
doubts  with  regard  to  its  analysis,  but  it 
is  probably  a  compound  of 

1  equivalent  of  tellurium  .  29 
1  ditto  oxygen  ..  .  .8 

37 

It  combines  both  with  acids  and  alkalies 
and  other  bases. 

Tellurium  and  Hydrogen. 

Telluretted  Hydrogen  Gas. 

(§  240.)  Tellurium  possesses  the  sin¬ 
gular  property  of  combining  with  hydro¬ 
gen.  The  compound  may  be  obtained 
by  mixing  together  oxide  of  tellurium, 
hydrate  of  potash,  and  charcoal,  at  a 
red  heat,  and  acting  upon  the  mixture 
by  dilute  sulphuric  acid.  The  product 
is  gaseous,  and  must  be  received  over 
mercury. 

Telluretted  hydrogen  gas  is  soluble  in 
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water,  and  forms  a  claret-coloured  solu¬ 
tion.  It  burns  with  a  bluish  flame,  and 
deposits  the  oxide  of  the  metal.  Its  smell 
is  peculiar,  but  not  unlike  that  of  sul¬ 
phuretted  hydrogen.  Like  that  com¬ 
pound  it  reddens  litmus  paper,  and  may 
be  considered  as  a  feeble  acid. 

Copper. — 64. 

(§  241.)  We  are  now  arrived  at  the  con¬ 
sideration  of  a  metal  as  important  to  the 
service  of  man  as  the  last  has  hitherto 
proved  insignificant.  The  physical  pro¬ 
perties  of  copper  are  known  to  every  one. 
It  possesses  a  beautiful  red  colour,  and 
considerable  lustre.  It  has  a  peculiar 
smell  when  warmed  or  rubbed.  Its 
specific  gravity  is  about  8.8.  It  may  be 
hammered  into  very  thin  leaves,  and 
drawn  into  wire.  Its  melting  point  is 
very  little  below  that  of  gold,  being 
about  2548°  of  Fahrenheit's  scale.  By  a 
more  violent  heat,  it  may  be  made  to 
boil,  and  to  evaporate  in  visible  fumes. 
It  is  found  in  the  metallic  state  in  nature, 
but  the  great  source  of  its  supply  is  an 
ore  in  which  the  metal  is  found  com¬ 
bined  with  sulphur. 

Copper  and  Oxygen. 

Protoxide  of  Copper. — 72. 

(1  C.  64  +  1  O.  8.) 

(§  242.)  Copper  tarnishes  and  rusts  in 
the  air  by  combining  with  its  oxygen. 
The  protoxide  may  be  obtained  by  heat¬ 
ing  together  to  redness,  in  a  close  vessel, 
sixty-four  parts  of  metallic  copper  with 
eighty  parts  of  the  peroxide,  which  we 
shall  presently  describe.  When  a  plate 
of  copper  is  exposed  for  some  time  to 
heat  in  contact  with  air,  and  afterwards 
hammered,  it  throws  off  scales,  which 
are  a  mixture  of  metallic  copper  and 
peroxide ;  and,  when  treated  as  above 
directed,  will  also  afford  the  protoxide. 

It  is  of  a  red  colour,  and  is  com¬ 
posed  of 

1  equivalent  of  copper  .  64 

1  ditto  oxgen  .  .  8 

72 

It  is  often  found  native  in  beautiful 
red  crystals. 

It  is  dissolved  by  some  of  the  acids, 
and  also  by  ammonia/ 

Peroxide  of  Copper. — 80. 

(1  C.  64  +  2  O.  16.) 

(§  243.)  The  peroxide  of  copper  is  easily 


obtained  pure  by  keeping  the ,  .scales 
above  described  at  a  red  heat  exposed 
to  air.  It  may  also  be  procured  by  dis¬ 
solving  the  metal  in  nitric  acid,  and  add¬ 
ing  potash  ;  when  an  abundant  precipi¬ 
tate  will  be  formed,  which  must  be  sufii 
ciently  heated  to  drive  off  any  water 
which  it  may  contain.  This  oxide  is  a 
tasteless  black  powder,  and  is  com¬ 
posed  of 

1  equivalent  of  copper  .  .  64 

2  ditto  oxygen  .  .16 

80 

It  forms  salts  with  the  acids,  and  is 
also  soluble  in  ammonia. 

Copper  and  Chlorine. 

Protochloride  of  Copper. — 100. 

(1  C.  64  +  Ch.  36.) 

(§  244.)  When  copper  filings  are  intro¬ 
duced  into  chlorine  they  take  fire,  and  two 
compounds  of  the  elements  are  pro¬ 
duced.  One  of  these  is  the  protochlo¬ 
ride.  It  is  a  fixed  yellowish  substance, 
slightly  transparent,  not  unlike  rosin, 
and  easily  fused.  It  may  be  conveniently 
made  by  heating  together  two  parts  of  the 
perchloride  of  mercury,  and  one  of  copper 
filings.  It  is  insoluble  in  water.  Mu¬ 
riatic  acid  dissolves  it  without  efferves¬ 
cence,  and  water  precipitates  it  un¬ 
changed.  When  heated  to  redness  in 
close  vessels,  it  remains  fixed  and  un¬ 
changed,  but  in  the  open  air  it  is  dissi¬ 
pated  with  white  fumes.  It  is  com¬ 
posed  of 

1  equivalent  of  copper  .  .  64 

]  ditto  of  chlorine  ;  .36 
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Perchloride  of  Copper. — 136. 

(1  C.  64  +  2  Ch.  72.) 

($  245.)  The  perchloride  of  copper  is 
formed  by  the  action  of  chlorine  upon 
copper,  at  the  same  time  as  the  proto¬ 
chloride.  It  sublimes  in  the  state  of  a 
yellowish-brown  powder.  When  ex¬ 
posed  to  the  air,  it  absorbs  moisture, 
and  becomes  first  white,  and  then  green. 
It  is  decomposed  by  heat,  which  con¬ 
verts  it  into  protochloride,  by  driving 
off  one  proportion  of  chlorine.  It  is 
constituted  of 

1  equivalent  of  copper  .  .  64 

2  ditto  chlorine  .  .  72 

136 
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Copper  and  Sulphur. 

(§  246.)  The  protosulphuret,  and  the 
persulphuret  of  copper,  have  been 
already  described  (§§  21  and  22)  for  the 
purposes  of  illustration.  It  is  unneces¬ 
sary  to  add  anything  here  to  the  descrip¬ 
tion  which  we  have  given. 

Bismuth. — 71. 

(§  247.)  Bismuth  is  a  metal  of  a  reddish 
white  colour,  whose  fracture  shows  it  to 
be  composed  of  brilliant  plates  adhering 
together.  Its  specific  gravity  is  9.8.  It 
is  scarcely  malleable,  breaks  under  the 
hammer,  and  cannot  be  drawn  into  wire. 
It  is  very  fusible,  and  melts  at  a  tempe¬ 
rature  of  476°  of  Fahrenheit.  It  may  be 
obtained  in  fine  crystals  by  slow  cooling, 
and  may  be  completely  volatilized  at  a 
high  heat  out  of  contact  with  the  air. 
When  melted  in  the  air  its  surface  be¬ 
comes  covered  with  a  greenish-brown 
oxide. 

Bismuth  and  Oxygen. 

Oxide  of  Bismuth. — 79. 

(1  B.  71  +  1  0.8.) 

(§  248.)  Bismuth  takes  fire,  and  burns 
with  a  blue  flame,  when  strongly  heated 
with  access  of  air,  forming  an  oxide  of  a 
yellowish  colour,  known  by  the  name  of 
flowers  of  Bismuth.  It  is  very  fusible, 
and,  like  the  oxides  of  lead,  is  converted 
by  heat  into  glass.  It  has  sometimes 
been  employed  for  the  purposes  of  cu- 
pellation  (§  235).  It  is  constituted  of 
1  equivalent  bismuth  .  .71 

1  ditto  oxygen  .  e  .  8 

79 

It  forms  salts  with  the  acids. 

Bismuth  and  Chlorine. 

Chloride  of  Bismuth. — 107/j 
(1  B.  71  +  1  C.  36.) 

(§  249.)  Bismuth,  in  a  state  of  fine 
division,  takes  fire  in  chlorine,  burns 
with  a  pale  blue  light,  and  is  converted 
into  a  chloride.  It  is  of  a  grevish-white 
colour,  granular  texture,  and  opaque. 
It  is  not  sublimed  by  heat.  Its  analysis 
proves  it  to  be  composed  of 

1  equivalent  of  bismuth  .  71 
l  ditto  chlorine  .  e  .36 
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Alloys  of  Bismuth. 

(§  250.)  Bismuth  is  capable  of  being 
alloyed  with  most  metals,  and  forms, 


with  some  of  them,  compounds  of  re¬ 
markable  fusibility.  On  this  account  it 
is  much  used  for  the  composition  of  soft 
solders.  A  mixture  of  8  parts  of  bis¬ 
muth,  5  of  lead,  and  3  of  tin,  forms  an 
alloy,  which  melts  below  the  tempera¬ 
ture  at  which  water  boils,  and  is  known 
by  the  name  of  fusible  metal. 

Titanium. 

(§  251.)  Titanium  has  only,  till  very 
recently,  been  found  in  small  quantities 
in  the  state  of  an  oxide,  in  a  few  rare 
minerals.  It  has  probably  never,  but 
once,  been  completely  reduced  by  art  to 
the  metallic  state,  the  process  being  very 
difficult,  and  requiring  a  very  high  heat. 
It  is  described  as  of  a  dark  copper  co¬ 
lour,  with  much  brilliancy,  brittle,  and, 
in  small  scales,  possessing  considerable 
elasticity.  Very  lately,  the  metal  has 
been  found  in  minute  cubic  crystals,  in 
the  slags  taken  from  the  bottom  of  Ihe 
smelting  furnaces  of  large  iron-works. 
Their  colour  and  lustre  is  like  burnished 
copper ;  their  specific  gravity  5.3:  and 
they  are  so  hard,  that  they  scratch  a 
polished  surface  of  rock-crystal.  The 
metal  is  exceedingly  infusible.  It  tar¬ 
nishes  in  the  air,  and  is  easily  oxidized 
by  heat.  Too  little  is  known  regarding 
this  untractable  substance  to  enable  us 
to  fix  its  equivalent. 

Titanium  and  Oxygen. 

($  252.)  Titanium  is  probably  sus¬ 
ceptible  of  three  degrees  of  oxidize- 
ment :  the  first  oxide  is  blue,  the  second 
red,  and  the  third  vyhite.  The  red  oxide 
is  found  in  nature  in  prismatic  crystals ; 
the  white  is  the  basis  of  its  salts. 

Cobalt. 

(§  253.)  Cobalt  is  a  brittle,  some¬ 
what  soft,  but  difficultly  fusible  metal. 
Its  colour  is  reddish-grey  ;  it  possesses 
little  lustre ;  and  its  specific  gravity  is 
8.6.  It  is  attracted  by  the  magnet,  and 
is  capable  of  becoming  magnetic.  It 
tarnishes  by  exposure  to  air.  Its  equi¬ 
valent  has  not  been  fixed  with  certainty, 
owing  to  some  discrepancy  in  the  ana¬ 
lysis  of  its  compounds. 

Cobalt  and  Oxygen. 

(§  254.)  In  a  very  intense  heat,  cobalt 
burns  with  a  red  flame. 

An  oxide  may  be  formed  by  long 
exposure  to  a  strong  heat,  with  access 
of  air :  it  is  of  a  deep  blue,  approaching 
to  black.  It  is  probably  a  protoxide  ; 
and  may  also  be  formed  by  precipitating 
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the  solution  of  the  metal  in  nitric  acid 
by  potash.  The  precipitate  is  at  first 
combined  with  water,  and  of  a  bright 
blue  colour,  but  by  drying  assumes  so 
dark  a  blue  as  to  appear  black. 

When  this  oxide  is  exposed  to  the  air 
it  gradually  absorbs  a  further  dose  of 
oxygen,  and  is  converted  into  an  olive 
green. 

Both  these  oxides,  by  being  heated  in 
the  air,  pass  to  the  state  of  peroxide, 
and  become  of  a  brown  colour.  The 
fine  blue  substance,  known  in  commerce 
by  the  name  of  zaffre ,  is  oxide  of  cobalt 
fused  with  sand  or  calcined  flints.  This, 
when  finely  ground  and  washed,  is  called 
smalts,  and  is  much  used  for  imparting 
a  blue  colour  to  linen,  and  for  staining 
glass  and  china.  All  the  salts  of  co¬ 
balt  contain  the  protoxide. 

Cerium. 

($  255.)  The  only  minerals  which  are 
known  to  contain  the  metal  cerium  are 
extremely  rare,  even  in  the  cabinets  of 
collectors  ;  and  the  attempts  to  reduce 
the  oxide  to  the  metallic  state  have 
either  failed  or  merely  produced  a  small 
globule  not  larger  than  a  pin’s  head. 
This  metallic  globule  was  harder,  whiter, 
much  more  brittle,  and  more  scaly  in  its 
fracture  than  cast  iron. 

It  appears  that  there  are  two  oxides 
of  the  metal :  the  protoxide  is  white, 
and  the  peroxide  of  a  reddish  colour. 
Both  the  oxides  form  salts  with  the 
acids. 

Uranium. 

(§  256.)  The  ores  of  this  metal  are 
scarcely  less  rare  than  those  of  the  pre¬ 
ceding,  and  are  nearly  as  difficult  of 
reduction.  It  has,  however,  been  ob¬ 
tained  in  the  form  of  a  metallic  button, 
of  the  weight  of  28  grains  ;  of  a  dark 
grey  colour,  hard,  and  firmly  cohering. 
On  filing  it,  or  rubbing  it  with  another 
hard  body,  it  exhibited  a  metallic  lustre 
of  an  iron-grey  colour.  Its  specific 
gravity  has  been  found  as  high  as  9. 

There  are,  probably,  two  oxides  of 
the  metal :  the  protoxide,  which  is 
greyish-black  ;  and  the  peroxide  which 
is  yellow. 

The  two  oxides  are  employed  in  the 
arts ;  the  first  to  give  a  black,  the 
second,  an  orange  colour,  to  porcelain. 

Antimony. — 44. 

($  257.)  Antimony,  in  its  metallic 
state,  is  of  a  dusky-white  colour,  very 
brittle,  and  of  a  scaly  texture.  Its 


specific  gravity!  s  about  C.8.  It  melts 
at  a  heat  of  about  810°  Fahrenheit,  and 
crystallizes  on  cooling.  Its  surface 
tarnishes  by  exposure  to  the  atmosphere, 
and  when  heated  to  whiteness,  in  a 
covered  crucible,  and  suddenly  exposed 
to  the  air,  it  burns  with  a  white  light. 
It  is  obtained  for  use  from  the  native 
sulphuret. 

Antimony  and  Oxygen. 

Protoxide  of  Antimony. — 52. 

(1  A.  44  +  1  O.  8.) 

(§  258.)  If  to  a  solution  of  the  well- 
known  medicine  called  tartar  emetic , 
we  add  a  solution  of  pure  ammonia,  a 
protoxide  of  antimony  will  be  precipi¬ 
tated,  which  should  be  washed  with 
plenty  of  hot  water.  It  is  of  a  dirty- 
white  colour,  fuses  at  a  red  heat,  and 
forms  on  cooling  an  opaque  crystalline 
mass.  It  may  be  sublimed  in  close 
vessels  by  a  strong  heat.  When  ex¬ 
posed  in  open  vessels,  to  a  red  heat,  it 
absorbs  a  further  dose  of  oxygen,  and  * 
is  converted  into  the  ueutoxide.  It  is 
composed  of 

1  equivalent  of  antimony  .  44 

1  ditto  /  oxygen  .  8 

52 

It  forms  salts  by  combination  with  the 
acids. 

Deutoxi.de  of  Antimony,  or  Antimo - 
nious  Acid. — 56. 

(1  A.  44  +  14  O.  12.) 

(§  259.)  When  antimony,  or  its  prot¬ 
oxide,  is  strongly  heated  in  open  vessels, 
or  when  the  metal  is  burnt  in  oxygen, 
the  deutoxide  is  formed.  It  sublimes, 
and  may  be  condensed  on  a  cold  sur¬ 
face  in  the  form  of  needles  of  a  silvery 
whiteness.  It  does  not  readily  fuse,  and 
is  more  volatile  than  the  protoxide.  It 
is  quite  insoluble  in  water,  but  possesses 
many  of  the  properties  of  an  acid,  and 
enters  into  combination  rather  with 
alkalies  than  with  acids.  It  is  com¬ 
posed  of 

1  equivalent  of  antimony  .  44 

14  ditto  oxygen  .  12 

55 

($  260.)  The  composition  of  the  deut¬ 
oxide  of  antimony  presents,  when  thus 
regarded,  an  exception  to  the  general 
law  of  chemical  composition,  which 


CHEMISTRY. 


63 


also  occurs  in  two  or  three  other  metals, 
viz.,  that  the  multiple  of  the  oxygen 
of  the  first  oxide  is  l£,  and  not  an  entire 
number.  The  theoretical  difficulty, 
however,  may  be  removed  by  considering 
(as  we  have  already  done  in  the  similar- 
in  ance  of  lead,  §  233)  this  oxide  as 
composed  of  two  equivalents  of  the 
metal  and  three  of  oxygen  (2  A.  88  +  3 
0.  24),  or  as  a  compound  of  one  equi¬ 
valent  of  the  proto\\de  with  one  of  the 
following  or  peroxide  (52  +  60). 

Peroxide  of  Antimony,  or  Antimonic 
Acid.— 60. 

(1  A.  44  +  2  O.  16.) 

(§  261.)  The  peroxide  of  antimony 
maybe  obtained,  by  dissolving  the  metal 
in  nitromuriatie  acid;  from  which  it 
may  be  precipitated  by  throwing  the 
solution  into  water,  as  it  is  insoluble  in 
that  fluid.  When  recently  prepared  it 
reddens  litmus  paper.  It  is  thus  ob¬ 
tained  in  the  form  of  a  white  hydrate ; 
but  if  exposed  to  a  temperature  not  ex¬ 
ceeding  600°  Fahrenheit,  the  water  is 
driven  off,  and  pure  peroxide  remains, 
of  a  yellow  colour.  When  exposed  to 
a  red  heat  it  parts  with  a  portion  of  its 
oxygen,  and  is  converted  into  the  deut- 
oxide.  It  enters  into  definite  combina¬ 
tions  with  alkalies,  and  not  with  acids, 
and  hence  it  ranks  with  the  latter  class 
of  bodies. 

Antimony  and  Chlorine. 

Protochloride  of  Antimony. — 80. 

(1  A.  44  +  1  C.  36.) 

(§  262.)  When  powdered  antimony  is 
thrown  into  chlorine,  combustion  en¬ 
sues,  and  the  protochloride  is  formed 
by  the  union  of  the  two.  It  may  also 
be  produced  by  distilling  a  mixture  of 
antimony  with  twice  and  a  half  its 
weight  of  bichloride  of  mercury.  The 
chloride  of  antimony  being  very  volatile, 
passes  over  into  the  receiver,  and  me¬ 
tallic  mercury  remains  in  the  retort.  At 
common  temperatures  it  is  a  soft  solid, 
which  liquifies  at  a  gentle  heat,  and 
was  formerly  called  butter  of  antimony. 
It  deliquesces  on  exposure  to  the  air. 

Bichloride  of  Antimony. — 116. 

(1  A.  44  +  2  C,  72.) 

(§  263.)  By  passing  dry  chlorine  gas 
over  heated  metallic  antimony,  a  trans¬ 
parent  volatile  fluid  is  obtained,  which 
emits  fumes  on  exposure  to  the  air.  It 
contains  twice  as  much  chlorine  as  the 
protQchloride. 


Antimony  and  Sulphur. 

Sulphuret  of  Antimony. — 60. 

(1  A.  44  +  1  S.  16.) 

(§  264.)  Antimony  readily  combines 
with  sulphur,  and  forms  a  grey  sul¬ 
phuret  with  metallic  lustre.  The  same 
compound  is  found  in  nature.  It  may 
be  melted  in  close  vessels  without  under¬ 
going  any  change ;  but,  when  slowly 
roasted  in  a  shallow  vessel,  it  gradually 
loses  sulphur  and  attracts  oxygen,  and 
may  then  be  melted  into  a  glassy  sub¬ 
stance,  transparent  at  the  edges,  and 
called  glass  of  antimony.  It  consists  of 
eight  parts  of  protoxide,  and  one  of 
sulphuret. 

Alloys  of  Antimony. 

(§  265.)  Antimony  may  be  made  to 
combine  with  most  of  the  metals.  A 
very  slight  admixture  of  it,  not  exceed¬ 
ing  5SOO  th  of  the  mass,  is  sufficient  to 
destroy  the  ductility  of  gold,  and  even 
its  fumes  alone  will  produce  that  effect. 
When  mixed  with  lead,  in  the  propor¬ 
tion  of  one  part  in  four,  it  composes  the 
metal  for  printers’  types. 

Columbium. — 144. 

266.)  This  and  the  succeeding  species 
furnish  further  instances  of  highly  re¬ 
fractory  metals  extracted  with  great  dif¬ 
ficulty  from  very  rare  minerals,  whose 
discovery  and  examination  have  afforded 
exercise  for  the  highest  talents,  but 
which  have  not  hitherto  been  applied  to 
any  use  in  the  arts. 

The  colour  of  columbium  is  iron- 
grey,  and,  when  scratched  with  a  knife, 
it  shows  the  metallic  lustre.  It  has 
only  been  obtained  in  agglutinated  par¬ 
ticles  by  an  intense  heat,  the  specific 
gravity  of  which  was  5.6.  It  is  not 
acted  upon  by  nitric  or  muriatic  acids, 
or  by  a  mixture  of  the  two. 

Columbium  and  Oxygen 

Oxide  of  Columbium,  or  Columbic 
Acid. — 162. 

1  C.  144  +  1  O.  8.) 

(§  267.)  The  only  oxide  of  columbium 
known  possesses  the  properties  of  an 
acid,  and  forms  definite  compounds  with 
alkalies  rather  than  with  acids.  It  is 
lound  in  nature  in  combination  with 
oxide  of  iron.  When  purified,  it  is  of  a 
white  colour,  and,  when  laid  upon  wet 
litmus  paper,  it  converts  the  blue  colour 
to  a  red.  It  is  tasteless,  and  itisolu 
ble  in  water,  It  does  not  acquire  any 
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colour  by  exposure  to  a  high  temperature 
with  access  of  air.  It  is  believed  to  be 
a  compound  of 

1  equivalent  of  columbium  .  144 
ditto  oxygen  .  .  8 

152 

Its  specific  gravity  is  6.5. 

Tungsten. — 96. 

(§  268.)  Tungsten  has  a  greyish-white 
colour,  like  that  of  iron,  but  is  not  mag¬ 
netic.  Its  specific  gravity  is  17.2.  It  is 
extremely  hard  and  brittle,  and  fusible 
with  great  difficulty.  It  is  oxidized  by 
the  action  of  heat  and  air. 

Tungsten  and  Oxygen. 
Protoxide  of  Tungsten. — 1 1 2. 

(1  T.  96  +  2  0.  16.) 

(§  269.)  When  hydrogen  gas  is  passed 
over  tungstic  acid  (which  will  be  imme¬ 
diately  described)  at  a  red  heat,  it  is 
converted  into  a  dark-brown  oxide,  in 
which  the  oxygen  is  to  that  in  the  acid 
as  2  to  3.  When  heated  in  the  air  it 
burns  like  tinder,  and  is  reconverted  into 
the  acid. 

Tungstic  Acid. — 120. 

(1  T.  96  +  3  O.  24.) 

(§  270.)  Tungstic  acid  is  a  compound 
of  three  equivalents  of  oxygen  and  one 
of  tungsten.  It  is  of  a  yellow  colour, 
insoluble  in  water,  and  has  no  effect 
upon  the  blue  colour  of  litmus.  It  forms 
definite  compounds  with  the  alkalies. 
Its  specific  gravity  is  6.1. 

Chromium. — 28. 

(§  271.)  Chromium  is  a  rare  metal, 
and  is  extracted  from  only  two  minerals  ; 
in  one  of  which  it  is  combined,  as  an 
acid,  with  lead,  and  in  the  other,  as  an 
oxide,  with  iron.  It  requires  a  violent 
heat  for  its  reduction.  It  has  merely 
been  obtained  as  a  porous  mass  of  agglu¬ 
tinated  grains.  It  is  very  brittle,  of  a 
greyish-white,  intermediate  between  tin 
and  steel.  Its  specific  gravity  is  5.9. 

Chromium  and  Oxygen. 
Protoxide  of  Chromium. — 36. 

(1  C.  28  +  1  O.  8.) 

(§  272.)  It  is  probable  that  chromium 
forms  two  oxides  by  union  with  oxygen, 
besides  the  acid  which  will  be  presently 
described.  The  protoxide  may  be  ob¬ 


tained  by  heating  a  salt  called  chromate 
of  mercury  to  redness.  The  mercury  is 
thus  dissipated  in  vapour,  and  at  the 
same  time  the  chromic  acid  is  resolved 
into  oxygen  and  the  protoxide  of  chro¬ 
mium.  It  is  of  a  green  colour ;  inso¬ 
luble  in  water  ;  infusible  ;  and  suffers  no 
change  from  the  exposure  to  heat.  It  is 
probably  a  compound  of 

1  equivalent  of  chromium  .  .  28 
1  ditto  oxygen  ...  8 

36 

It  is  soluble  in  the  acids.  It  is  employed 
in  the  arts  to  give  a  beautiful  green  co¬ 
lour  to  porcelain,  and  is  the  colouring 
principle  of  the  emerald. 

Deutoxide  of  Chromium. — 44. 

(1  C.  28+  2  0. 16.) 

(§  273.)  The  deutoxide  is  of  a  brown 
colour,  and  may  be  formed  by  exposing 
a  solution  of  the  protoxide  in  nitric  acid 
to  a  heat  just  sufficient  to  decompose 
the  acid.  Very  little  is  known  concern¬ 
ing  it.  It  does  not  enter  into  combi¬ 
nation  with  the  acids. 

Chromic  Acid. — 52. 

(1  C.  28  +  3  0.  24.) 

(§  274.)  The  chromic  acid  is  found  in 
nature  in  combination  with  lead,  and 
may  be  extracted  by  boiling  the  pow¬ 
dered  mineral  with  twice  its  weight  of 
carbonate  of  potash,  and  afterwards 
saturating  the  alkali  by  a  mineral  acid. 
It  is  of  a  red  colour,  and  may  be  ob¬ 
tained,  from  its  solution,  in  ruby-coloured 
crystals.  It  has  a  sour  metallic  taste. 
When  exposed  to  heat  it  gives  off  oxy¬ 
gen,  and  is  converted  into  the  prot¬ 
oxide.  It  is  probably  constituted  of 
1  equivalent  of  chromium  .  .  28 
3  ditto  oxygen  ...  24 

52 

It  gives  its  colour  to  the  ruby. 

Molybdenum. — 48. 

(§  275.)  Molybdenum  has  never  been 
reduced  into  masses  of  any  considerable 
magnitude,  but  has  only  been  obtained 
in  small  globules,  in  a  blackish  brilliant 
mass.  It  is  grey,  brittle,  and  very  infu¬ 
sible.  Its  specific  gravity  is  8.6.  It  is 
found  in  nature  in  the  state  of  sulphuret, 
and  united  as  an  acid  with  lead.  Both 
are  very  rare  minerals. 
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Molybdenum  and  Oxygen. 

Molybdous  Acid. — 64 . 

(1  M.  48  +  2  0.  16.) 

(§  276.)  The  molybdoM^  acid  may  be 
formed  by  triturating  together  one  part 
of  molybdenum  with  two  parts  of  mo- 
lybdic  acid,  presently  to  be  described, 
with  a  little  hot  water.  By  evaporating 
the  solution  thus  formed,  at  a  tempe¬ 
rature  not  exceeding  120°  Fah.,  the 
acid  is  obtained  in  the  form  of  a  fine 
blue  powder.  It  reddens  vegetable  blues, 
and  combines  with  alkaline  bases.  It 
consists  of  about  100  metal  and  34  parts 
oxygen. 

Molybdic  Acid. — 72. 

(1  M.  48  +  3  0.  24.) 

(§  277.)  The  native  sulphuret  of  molyb¬ 
denum,  being  roasted  for  some  time, 
may  be  reduced  to  fine  powder,  and  dis¬ 
solved  in  liquid  ammonia.  When  nitric 
acid  is  added  to  the  solution,  the  mo¬ 
lybdic  acid  is  precipitated  in  white  scales, 
which  become  yellow  upon  melting  or 
subliming  them.  It  changes  the  vege¬ 
table  blues  to  red,  and  has  a  sharp  me¬ 
tallic  taste.  It  is  sparingly  soluble  in 
water;  and  paper  dipped  in  the  solution, 
becomes,  when  dried  in  the  sun,  of  a 
beautiful  blue.  When  the  metal  is  heated 
with  access  of  air,  it  absorbs  oxygen, 
and  is  converted  into  the  acid. 

Arsenic. — 38.? 

(§  278.)  The  substance  commonly  met 
with  under  the  name  of  arsenic  is  an 
oxide,  from  which  the  metal  may  be  ob¬ 
tained  by  mixing  it  with  oil,  and  sub¬ 
liming  at  a  low  red  heat  in  a  clean  Flo¬ 
rence  flask.  The  arsenic  will  thus  be 
reduced,  and  will  be  found  lining  the 
neck  of  the  flask  in  a  state  of  metallic 
brilliancy,  not  unlike  polished  steel.  It 
is  very  brittle,  and  may  be  reduced  to 
powder  by  pounding  in  a  mortar.  Its 
specific  gravity  is  8.3.  It  is  readily 
fusible  and  volatilized.  It  may  be  col¬ 
lected,  unchanged,  in  close  vessels  ;  but 
if  thrown  on  red  hot  iron,  it  burns  with 
a  blue  flame  and  white  smoke  ;  it  emits 
also  a  strong  smell  of  garlic,  which  be¬ 
longs  to  it  in  its  metallic  state,  and  not 
to  its  oxides.  Arsenic  is  speedily  tar¬ 
nished  by  exposure  to  air,  and  converted 
into  a  black  powder,  which  is  a  mixture 
of  the  metal  and  oxide. 

Arsenic  and  Oxygen. 

Arsenious  Acid. — 54. 

(1  A.  38  +  2  O.  16.) 

(§  279.)  Arsenious  acid,  or  white  oxide 


of  arsenic,  is  white,  semi-transparent, 
and  brittle.  It  has  a  faintly-sweet  taste, 
and  is  well-known  to  be  highly  poison¬ 
ous.  It  is  volatilized  at  a  temperature 
of  380°  Fah. ;  but,  if  suddenly  heated 
may  be  melted  into  a  kind  of  glass. 
It  is  sparingly  soluble  in  water,  and 
more  so  in  hot  than  in  cold.  It  reddens 
vegetable  blue  colours.  There  is  some 
uncertainty  with  regard  to  the  analysis 
of  this  compound,  and  indeed  with  re¬ 
gard  to  the  other  combinations  of  ar¬ 
senic,  so  that  its  equivalent  cannot  be 
said  to  be  absolutely  determined.  It  is 
probably  constituted  of 

1  equivalent  of  arsenic  -  38 

2  ditto  oxygen  -  16 
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Arsenic  Acid. — 62. 

(1  A.  38  +  3  0.  24.) 

(§  280.)  Another  compound  of  arsenic 
and  oxygen  may  be  formed  by  boiling 
one  part  of  arsenious  acid  to  dryness  in 
six  parts  of  nitric  acid.  Nitric  oxide 
is  given  off,  and  a  white,  concrete  sub¬ 
stance  remains,  which  is  the  arsenic 
acid.  It  has  a  sour,  metallic  taste ; 
reddens  vegetable  blues,  and  attracts 
moisture  from  the  air.  When  its  solu¬ 
tion  is  evaporated  it  assumes  the  con¬ 
sistence  of  jelly,  but  does  not  crystallize. 
It  is  a  very  active  poison.  It  may  be 
melted  into  a  glass  which  is  deliquescent ; 
and,  at  a  very  strong  red  heat,  it  is  con¬ 
verted  into  arsenious  acid  and  oxygen. 
It  is  probably  composed  of 

1  equivalent  of  arsenic  -  38 

3  ditto  oxygen  -  24 

62 


Arsenic  and  Hydrogen. 

Arseniuretted  Hydrogen. 

(§  281.)  Arsenic  combines  with  hydro¬ 
gen,  and  forms  a  very  poisonous  com¬ 
pound  ;  to  his  researches  on  which,  one 
eminent  chemist  owed  his  death.  It 
may  be  formed  by  melting  together,  in  a 
covered  crucible,  three  parts  of  granu¬ 
lated  tin  and  one  part  of  metallic  arsenic 
in  powder,  and  submitting  the  alloy,  in 
fragments,  to  the  action  of  muriatic  acid 
in  a  glass  retort.  On  the  application  of 
a  moderate  heat  a  gas  is  given  off, 
which  may  be  collected  over  the  water 
bath.  It  is  colourless,  without  acid  pro¬ 
perties,  and  its  specific  gravity  is  about 
Q.5.  It  extinguishes  combustible  bodies, 
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but  burns  with  a  blue  flame.  Its  smell 
resembles  that  of  garlic,  but  is  more 
fetid.  It  instantly  destroys  small  ani¬ 
mals  which  are  immersed  in  it.  Its  com¬ 
position  has  not  been  accurately  deter¬ 
mined,  but  it  is  believed  that  the  hydro¬ 
gen  exists  in  it  in  a  condensed  state  ;  for 
it  deposits  arsenic,  and  is  expanded  in 
volume  at  high  temperatures. 

Arsenic  and  Sulphur. 

(§  282.)  Arsenic  combines  with  sul¬ 
phur  in  two  proportions,  and  both  the 
sulphurets  are  found  native.  The  com¬ 
pound  with  the  least  proportion  of  sul¬ 
phur  is  red,  and  known  in  commerce  by 
the  name  of  realgar;  that  with  the 
greatest  proportion  is  of  a  bright  yel¬ 
low,  and  is  named  orpiment.  The 
sulphur  exists  in  the  two  in  the 
proportion  of  2  to  3.  They  have  both 
been  employed  in  calico-printing  and 
dyeing. 

Chapter  VIII. 

On  the  Metals  which  absorb  and  retain 
Oxygen  at  high  temperatures,  and 
decompose  Water  at  a  red  heat. 

Tin,  Iron,  Zinc, 

Cadmium,  Manganese, 
and  their  Binary  Compounds. 

(§  283.)  Pursuing  the  plan  which  we 
have  laid  down,  we  come  now  to  a  class 
of  metals  whose  affinity  for  oxygen  is 
such  that  they  not  only  absorb  oxygen 
from  the  atmosphere,  and  retain  it  at  a 
high  temperature,  but  abstract  it  also 
from  water,  when  assisted  by  a  heat  not 
below  redness.  This  list  consists  only 
of  five — Tin,  Iron,  Zinc,  Cadmium,  and 
Manganese. 

Tin— 59. 

(§  284.)  Tin  is  a  well-known  metal ;  but 
the  substance  which  is  popularly  so 
called  consists  of  sheets  of  iron  merely 
plated  with  it.  It  is  a  silvery-white 
metal,  which,  by  exposure  to  the  air, 
acquires  a  slight,  superficial  tarnish.  It 
is  very  soft ;  and,  when  bent  backwards 
and  forwards,  occasions  a  peculiar 
crackling  noise.  It  is  very  malleable, 
and  its  specific  gravity  is  about  7.9.  It 
melts  at  a  temperature  of  442°  Fah. 
It  is  chiefly  found,  in  nature,  in  the  state 
of  oxide,  which  constitutes  the  ore  from 
which  it  is  obtained  for  commerce. 

Tin  and  Oxygen. 

Protoxide  of  Tin. — 67. 

(T.  59  +  1  O.  8.) 

($  285.)  When  tin  is  kept  for  a  long 


time  melted  in  contact  with  the  air,  it 
absorbs  oxygen,  and  is  converted  into  a 
grey  powder.  This  protoxide  may  also 
be  obtained  by  pouring  nitric  acid,  di¬ 
luted  with  ten  times  its  bulk  of  water, 
upon  tin  filings,  and  leaving  them  in 
contact  forty-eight  hours.  It  should  be 
carefully  dried  without  being  exposed  to 
the  air.  This  oxide  has  such  a  strong 
affinity  for  a  further  dose  of  oxygen,  that, 
when  heated  to  redness  in  open  vessels, 
it  is  converted  into  peroxide  with  evolu¬ 
tion  of  heat  and  light.  It  will  be  here¬ 
after  seen  that  it  carries  this  avidity  for 
oxygen  with  it  into  most  of  its  combina¬ 
tions.  It  is  composed  of 

1  equivalent  of  tin  -  -  -  59 
1  ditto  oxygen  -  8 
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This  oxide  is  soluble  in  the  acids  and  in 
ammonia ;  and  the  ammoniacal  solution, 
when  long  kept,  deposits  metallic  tin  in 
crystals,  and  becomes  asolutionof  per¬ 
oxide. 

Peroxide  of  Tin. — 75. 

(1  T.  59  +  2  0.  16.) 

(§  286.)  The  peroxide  may  be  obtained 
either  by  heating  the  protoxide,  as  we 
have  just  stated,  or  by  the  action  of 
nitric  acid,  slightly  diluted,  upon  the 
metal.  A  white  powder  is  produced; 
which  is  a  hydrate  of  the  peroxide,  from 
which  the  water  may  be  expelled  by  g 
red  heat.  The  peroxide  of  tin  is  of  a 
straw-yellow  colour.  It  is  insoluble  in 
all  the  acids,  except  the  muriatic,  but 
unites  feebly  with  the  alkaline  bases. 
It  is  constituted  of 

1  equivalent  of  tin  -  -  -  59 

2  ditto  oxygen  -  16 

75 

Tin  and  Chlorine. 

Protochloride  of  Tin. — 95. 

(1  T.  59  +  1  C.  36.) 

($  287.)  The  protochloride  of  tin  may 
be  formed  by  heating  together  an  amal¬ 
gam  of  tin  and  mercury  with  the  proto¬ 
chloride  of  mercury  (calomel).  It  is  a 
grey,  semi-transparent,  crystalline  solid. 
It  is  soluble  in  water,  and  forms  a  solu¬ 
tion  which  rapidly  attracts  oxygen  from 
the  air,  and  deposits  peroxide  of  tin. 
Its  analysis  shows  it  to  be  composed  of 
1  equivalent  of  tin  -  -  -  59 
1  ditto  chlorine  -  36 

!) 
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Per  chloride  of  Tin. — 131. 

(1  T.  59  +  2  C.  72.) 

(§  288.)  Tin,  in  a  state  of  fine  division, 
may  be  burnt  in  chlorine ;  when  a  vo¬ 
latile,  clear  liquid  is  formed.  This  per- 
chloride  may  also  be  produced  by  heat¬ 
ing  together  tin  filings  and  perchloride 
of  mercury.  It  has  the  property  of  in¬ 
flaming  oil  of  turpentine  when  suddenly 
poured  into  that  fluid.  It  emits  white 
fumes  when  exposed  to  the  air,  from  its 
great  attraction  for  its  moisture.  When 
mixed  with  a  little  water,  it  is  converted 
into  a  solid  crystalline  substance.  It  is 
composed  of 

1  equivalent  of  tin  -  -  '  -  59 

2  ditto  chlorine  -  72 

131 

Tin  and  Sulphur. 

(§  289.)  There  are  two  sulphurets  of 
tin.  The  proto-sulphuret  may  be  formed 
by  fusing  together  tin  and  sulphur.  It 
is  of  a  bluish  colour,  lamellated  texture, 
and  brittle.  It  is  composed  of  one  equi¬ 
valent  of  each  of  its  ingredients.  The 
bi-sulphuret  may  be  made  by  heating 
together,  in  close  vessels,  the  peroxide 
of  tin  and  sulphur.  It  is  produced  in 
fine  flakes  of  a  beautiful  gold  colour, 
and  was  formerly  known  by  the  name  of 
Mosaic  gold.  It  is  composed  of 

1  equivalent  of  tin  -  -  -  59 

2  ditto  sulphur  -  32 
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It  is  used  as  a  pigment  for  giving  a  gold 
colour  to  some  works  of  art. 

Alloys  of  Tin. 

(§  290.)  The  alloys  of  tin  with  copper 
in  various  proportions,  form  bronze , 
bell-metal,  or  gun-metal :  and,  when  the 
proportion  of  the  first  is  about  one- 
third,  the  alloy  is  beautifully  white,  and 
used  for  the  reflectors  of  telescopes. 

Iron. — 28. 

($  291.)  Iron  is  at  once  the  most  dif¬ 
fused,  the  most  abundant,  and  the  most 
important  of  the  metals.  It  is  found  in 
all  the  three  kingdoms  of  nature :  its 
ores  constitute  almost  mountains ;  and 
there  is  scarcely  an  art  which  could 
exist,  in  any  perfection,  without  it.  It 
has  a  bluish-white  colour,  and  is  sus¬ 
ceptible  of  a  very  high  polish.  It  is 
very  malleable,  and  is  capable  of  being 


drawn  into  very  fine  wire,  though  not 
of  being  beaten  into  very  thin  leaves. 
Its  specific  gravity  is  about  7.7.  It  is 
one  of  the  most  infusible  of  the  metals ; 
but  this  disadvantage  is  counterbalanced, 
for  all  practical  purposes,  by  its  possess¬ 
ing  the  property  of  welding  (5  218)  in 
high  perfection.  Cast  iron,  or  iron  in 
that  state  in  which  it  is  first  run  from  its 
ores,  and  which  is  very  far  from  pure, 
has  been  found  to  melt  at  a  temperature 
equal  to  about  3479°  of  Fahrenheit’s 
scale ;  but  the  fusing  point  of  the  pure 
metal  is,  doubtless,  higher.  At  common 
temperatures  it  is  exceedingly  hard ; 
but,  when  heated  to  redness,  very  soft 
and  ductile.  It  is  attracted  by  the 
magnet,  and  capable  of  having  the  mag¬ 
netic  virtue  imparted  to  it.  It  is,  very 
rarely,  found  native  in  the  metallic  state ; 
in  masses  which  are,  with  great  pro¬ 
bability,  supposed  to  be  of  meteoric 
origin.  The  ores  from  which  its  supply 
is  chiefly  derived  are  oxides  of  the  metal. 

Iron  and  Oxygen. 

Protoxide  of  Iron. — 36. 

(1  I.  28  +  1  0.  8.) 

(§  292.)  The  affinity  of  iron  for  oxygen 
is  very  great.  We  have  already  seen 
that  it  may  be  burned  in  oxygen  gas 
(§  39) ;  and,  when  heated  to  redness  in 
the  open  air,  it  absorbs  oxygen  rapidly, 
and  is  converted  into  black  scales,  called 
the  black  oxide  of  iron.  This  is,  how¬ 
ever,  not  a  definite  compound,  but  a 
mixture  of  protoxide  and  peroxide.  The 
same  compound  is  also  produced  when 
the  steam  of  water  is  brought  into  con¬ 
tact  with  red  hot  iron  (§  47). 

The  protoxide  of  iron  may  be  ob¬ 
tained  pure  by  passing  dry  hydrogen 
gas  over  the  peroxide  at  a  temperature 
a  little  below  redness.  Its  colour  is  a 
very  dark  blue.  It  is  attracted  by  the 
magnet,  but  not  so  strongly  as  the 
metal  itself.  It  is  very  combustible  ; 
and,  when  thoroughly  exposed  to  the 
air  at  common  temperatures,  it  spontane¬ 
ously  ignites,  and  becomes  converted 
into  the  peroxide.  All  its  combinations 
are  also  characterised  by  this  high  at¬ 
traction  for  oxygen.  It  is  composed  of 
1  equivalent  of  iron  -  -  28 
1  ditto  oxygen  -  8 

36 

Peroxide  of  Iron. — 40. 

*  (1  I.  28  +  1$  O.  12.) 

(^293.)  When  iron  is  dissolved  in 
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nitric  acid,  then  boiled  for  some  time, 
precipitated  by  ammonia,  and  exposed 
to  a  low  red  heat,  it  is  converted  into 
peroxide.  It  is  of  a  red  colour,  and  not 
attracted  by  the  magnet.  It  is  com¬ 
posed  of 

1  equivalent  of  iron  -  -  28 
li  ditto  oxygen  -  12 

40 

and  presents  another  instance  of  the 
anomaly  to  which  we  have  before  re¬ 
ferred  (§  260),  namely,  that  the  oxygen 
of  the  peroxide  is  not  a  multiple,  by  a 
w'hole  number,  of  that  of  the  protoxide. 
Both  the  oxides  of  iron  constitute  sali¬ 
fiable  bases. 

Iron  and  Chlorine. — 64. 

Proto-chloride  of  Iron. 

(1  I.  28+1  C.  36.) 

(§  294.)  When  iron  is  dissolved  in  di¬ 
luted  muriatic  acid,  a  green  solution  is 
obtained,  which  should  be  evaporated 
to  dryness,  and  ignited  out  of  the  con¬ 
tact  of  the  air.  The  product  has  a 
grey  colour,  a  metallic  splendour,  and  a 
lamellar  texture.  This  proto-chloride  is 
a  fixed  substance,  and  requires  a  red 
heat  for  its  fusion.  There  are  some 
doubts  attending  the  results  of  its  ana- 
ysis. 

Perchloride  of  Iron. — 82. 

(1  I.  28  +  11  C.  54.) 

§  295.)  When  iron  wire  is  burned  in 
chlorine,  a  bright  yellowish-brown  sub¬ 
stance  is  obtained,  of  a  high  degree  of 
lustre,  which  is  volatile  at  a  temperature 
a  little  above  212°  Fah.,  and  crystallizes 
in  the  form  of  small  iridescent  plates. 
It  is  composed  of 
„  1  equivalent  of  iron  -  -  28 

ii  1£  ditto  chlorine  -  54 
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and  exhibits  the  same  anomaly  of  the 
half-equivalent  as  the  peroxide.  They 
may  each  be  considered,  in  a  theoretical 
point  of  view  as  before  suggested 
(1  260),  as  composed  of  two  equivalents 
of  the  metal  with  three  of  their  other 
respective  ingredients,  and  the  present 
instance  may  be  represented  as  2  1. 56  + 
3  C.  105,  the  same  proportions  being 
thus  preserved. 

Iron  and  Sulphur. 
Proto-sulphuret  of  Iron. — 44. 

(1  I.  28  +  1  S.  16.) 

(§  296.)  The  best  method  of  forming 


the  proto-sulphuret  of  iron  is  to  take  a 
bar  of  the  metal  at  a  glowing  red  heat 
and  rub  it  well  with  a  roll  of  sulphur  : 
the  compound  will  fall  down  in  drops. 
It  is  distinguished  by  being  attracted  by 
the  magnet,  and  is  sometimes  found  in 
nature.  It  is  composed  of 

1  equivalent  of  iron  -  -  28 
1  ditto  sulphur  -  16 

44 

Bisulphuret  of  Iron. — 60. 

(1  I.  28  +  2  S.  32.) 

(§  297.)  The  bisulphuret  cannot  be  ar¬ 
tificially  formed,  but  is  an  abundant 
natural  product,  and  has  received  the 
name  of  iron  pyrites.  It  is  of  a  bronze 
yellow  colour,  and  is  often  found  in 
crystals.  When  heated  to  redness  it 
loses  half  its  sulphur,  and  becomes 
converted  into  the  proto-sulphuret.  It 
is  not  attracted  by  the  magnet.  It  is 
composed  of 

1  equivalent  of  iron  -  -  28 

2  ditto  sulphur  -  32 

60 

Iron  and  Carbon. 

1  Steel. 

(§  298.)  Iron,  as  it  flows  from  the  fur¬ 
naces  in  which  it  is  reduced,  in  which 
state  it  is  called  cast  iron,  contains, 
amongst  other  ingredients,  a  very  consi¬ 
derable,  but  variable  proportion  of  car¬ 
bon,  amounting  sometimes  to  3yh  of 
its  weight.  In  this  state  it  is  neither 
ductile  nor  malleable,  but  very  brittle. 

If  the  purest  malleable  iron  be  sur¬ 
rounded  by  charcoal  in  powder,  and  ex¬ 
posed  to  a  long-continued  red  heat,  it 
unites  with  about  Tj5th  of  its  weight  of 
carbon,  and  acquires  new  properties, 
being  converted  into  steel:  it  becomes 
much  harder,  more  sonorous  and  elastic, 
and  takes  a  much  higher  polish.  When 
ignited  and  suddenly  cooled,  it  is  ren¬ 
dered  so  hard  and  brittle  as  to  be  unfit 
for  any  useful  purpose.  To  fit  it  for 
use  it  requires  what  is  termed  temper¬ 
ing  ;  which  consists  in  heating  it  up 
to  a  certain  point,  that  varies  with  the 
purpose  to  which  it  is  afterwards  to  be 
applied.  These  points  are,  to  a  certain 
extent,  indicated  by  the  various  colours 
which  the  metal  assumes  on  its  surface. 

The  experiment  has  often  been  tried 
of  inclosing  small  diamonds  in  cavities 
in  soft  iron,  and  igniting  the  mass; 
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when  the  former  disappear,  and  the  inner 
surface  of  the  latter  is  found  is  con¬ 
verted  into  steel  (§  151). 

Steel  may  be  distinguished  from  pure 
iron  by  applying  a  drop  of  any  weak 
acid  to  its  surface,  when  the  charcoal 
which  it  contains  will  be  exhibited  by  a 
black  stain. 

Plumbago. 

($  299.)  The  well-known  substance  of 
which  black-lead  pencils  are  made  is  a 
true  carburet  of  iron,  containing  about 
10  per  cent,  of  the  metal  and  90  of 
pure  carbon.  It  is  a  natural  product  of 
considerable  value,  and  has  not  hitherto 
been  formed  by  art. 

Alloys  of  Iron. 

(§  300.)  Iron  may  be  alloyed  with 
various  metals  ;  but  the  most  useful 
combination  of  this  nature  is  that  with 
tin.  Iron  plates,  previously  cleaned  by 
a  weak  acid,  and  dipped  into  that,  metal 
when  melted,  become  perfectly  plated 
with  it,  and  are  very  extensively  em¬ 
ployed  in  the  arts. 

Zinc. — 34. 

($  301.)  Zinc  is  known  in  commerce 
by  the  name  of  spelter ;  but  usually  con¬ 
tains  an  admixture  of  lead  and  sulphur. 
"When  purified  from  these,  it  is  of  a 
brilliant  white  colour,  inclining  to  blue. 
Its  specific  gravity  is  about  6.8.  Under 
particular  circumstances  of  temperature, 
it  is  malleable,  and  may  be  beaten  into 
leaves  or  drawn  into  wire.  It  melts 
at  about  725°  of  Fahrenheit’s  scale,  and 
crystallizes  on  cooling.  It  is  easily  vola¬ 
tilized,  and  may  be  purified  by  distilla¬ 
tion. 

Zinc  and  Oxygen. 

Oxide  of  Zinc. — 42. 

(I  Z.  34  +  1  O.  8.) 

(§  302.)  When  zinc  is  exposed  to  a 
temperature  in  the  air  very  little  above 
its  melting  point,  it  burns  with  a  dazzling 
flame,  of  a  bluish  tint ;  and  its  oxide 
flies  up  in  the  form  of  white  flowers, 
formerly  called  flowers  of  zinc,  or  phi¬ 
losophical  wool.  This  oxide,  which  is 
the  only  one  known,  is,  however,  fixed 
in  the  fire,  and  may  be  melted  into  a 
clear  yellow  glass.  The  same  oxide  is 
formed  when  the  vapour  of  water  is 
brought  into  contact  with  the  metal  in 
a  state  of  ignition.  This  decomposition 
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takes  place  with  great  rapidity.  The 
oxide  is  composed  of 

1  equivalent  of  zinc  -  -  34 
1  ditto  oxygen  -  8 

42 

It  constitutes  a  salifiable  base. 

Zinc  and  Chlorine. 

Chloride  of  Zinc. — 70. 

(1  Z.  341+  1  C.  36.) 

(§  303.)  When  zinc  is  burned  in  chlo¬ 
rine,  a  solid,  grey,  semi-transparent 
substance  is  formed,  which  is  the  only 
known  chloride  of  that  metal.  It  is  as 
soft  as  wax,  and  melts  at  a  temperature 
a  little  above  212°  Fah.  It  rises  in 
vapour  at  a  heat  below  ignition.  Its 
taste  is  intensely  acrid,  and  it  corrodes 
the  skin.  It  dissolves  in  water,  with  the 
evolution  of  much  heat.  It  may  also 
be  procured  by  heating  together  zinc 
filings  and  bichloride  of  mercury  (corro¬ 
sive  sublimate).  Its  analysis,  though 
not  exact,  agrees  sufficiently  with  the 
assumption  that  it  is»a  compound  of 
1  equivalent  of  zinc  -  -  34 

1  ditto  chlorine  -  36 

70  , 

Alloys  of  Zinc. 

(§  304.)  Zinc  is  capable  of  being  al¬ 
loyed  with  many  of  the  metals.  It  forms 
particularly  useful  compounds  with  cop¬ 
per,  which,  in  different  proportions,  are 
known  by  the  names  of  brass,  pinch¬ 
beck,  Dutch  gold,  Prince  Rupert's 
metal,  &c. 

Cadmium. — 56. 

(§  305.)  Cadmium  has  only  been  very 
lately  discovered  amongst  the  ores  of 
zinc,  and  has  chiefly  been  derived  from 
a  sublimate  which  rises  before  that 
metal  in  the  process  for  obtaining  it  by 
distillation.  It  resembles  tin  very  nearly 
in  colour,  lustre,  and  the  crackling 
sound  which  it  yields  when  bent.  It 
is  harder  and  more  tenacious  than  that 
metal.  It  may  be  drawn  into  fine  wire, 
and  reduced  into  thin  plates.  Its  specific 
gravity  is  about  8.6.  It  melts  at  a  tem¬ 
perature  below  redness,  and  is  vola¬ 
tilized  almost  as  readily  as  mercury.  Its 
vapour  condenses  in  drops,  which  have 
a  crystalline  appearance  when  cold. 

Cadmium  and  Oxygen. 

Oxide  of  Cadmium. — 64. 

(1  C.  56  +  1  O.  8.) 

(§  306.)  Cadmium  is  little  alteied 
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exposure  to  the  air  at  common  tempe¬ 
ratures,  but,  when  heated  in  open  ves¬ 
sels,  it  burns  and  flies  off  in  smoke, 
which  falls  and  forms  aveiy  fixed  oxide 
of  a  brownish-yellow  colour.  It  is  inso¬ 
luble  in  water,  and  is  the  only  known 
compound  of  the  metal  with  oxygen.  It 
is  constituted  of 

1  equivalent  of  cadmium  -  -  56 
1  ditto  oxygen  -  -  -  8 

64 

It  is  soluble  in  the  acids.  — 

Manganese. — 28  ? 

(§  307.)  Manganese  is  never  found 
native  in  the  metallic  state,  the  sub¬ 
stance  commonly  known  in  the  arts  by 
that  name  being  an  impure  oxide.  The 
metal  is  extremely  refractory,  and  more 
difficult  of  fusion  even  than  iron.  It  is 
of  a  dusky-white  colour,  but  bright  and 
shining  in  its  fracture.  Its  specific 
gravity  is  about  8.0.  It  is  very  brittle, 
soon  tarnishes  on  exposure  to  the  air, 
and  crumbles  into  a  brown  powder. 

Manganese  and  Oxygen.  . 

Protoxide  of  Manganese. — 36, 

(1  M.  23  +  1  O  8.) 

(§  308.)  Considerable  uncertainty  still 
exists  with  regard  to  the  various  com¬ 
pounds  of  manganese  with  oxygen.  The 
protoxide  may  be  formed  by  mixing 
the  deut oxide  (presently  to  be  described) 
with  charcoal,  and  exposing  it  to  a 
strong  red  heat ;  or  by  passing  a  current 
of  hydrogen  over  the  same  oxide  heated 
to  redness  in  a  porcelain  tube.  When 
pure  it  is  of  a  green  colour,  but  speed¬ 
ily  becomes  brown  from  the  absorption 
of  oxygen.  It  may  also  be  produced 
by  dissolving  the  common  black  oxide 
of  manganese  in  sulphuric  or  nitric 
acid,  adding  a  little  sugar,  and  precipi¬ 
tating,  by  solution  of  potash ;  a  white 
powder  may  be  thus  collected,  which  is 
a  hydrate,  and  which  being  heated  to 
redness  out  of  the  contact  of  air,  gives 
off  its  water,  and  yields  the  oxide.  It 
takes  fire  when  gently  heated,  and  is 
converted  into  the  deutoxide. 

Deutoxide  of  Manganese. — 40. 

(1  M.  28  +  l£  O.  12.) 

(§  309.)  The  deutoxide  of  manganese 


is  readily  procured  by  exposing  the  p&> 
oxide  to  a  low  red  heat.  It  is  of  a 
brown  colour.  It  presents  the  anomaly 
of  an  equivalent  and  a  half  of  oxygen 
united  to  the  metal.  When  exposed  to 
the  air  it  slowly  absorbs  oxygen,  and 
returns  to  the  state  of  peroxide.  Both 
these .  oxides  form  the  bases  of  saline 
compounds. 

Peroxide  of  Manganese. — 44. 

(1  M.  28  +  2  0. 16.) 

(§  310.)  This  compound  is  found  native 
in  abundance,  and  is  used  in  the  arts 
for  discolouring  glass,  and  for  the  ma¬ 
nufacture  of  chlorine  for  bleaching.  It 
is  commonly  of  an  earthy  appearance, 
and  mixed  with  other  ingredients ;  but 
it  is  not  unfrequently  met  with  in  crys¬ 
tals  of  a  black  colour  and  metallic 
lustre.  It  undergoes  no  change  on  ex¬ 
posure  to  the  air.  It  is  insoluble  in 
water,  and  does  not  unite  either  with 
acids  or  alkalies.  It  has  the  singular 
property  of  inflaming  linseed  oil,  when 
previously  well  dried  and  kneaded  with 
it.  On  exposure  to  red  heat  it  gives  out 
oxygen  (§  36),  and  is  converted,  as 
above  stated,  into  deutoxide. 

Manganeseous  and  Manganesic  Acids. 

(§311.)  There  is  reason  to  suppose 
that  manganese  unites  with  additional 
proportions  of  oxygen,  and  forms  two 
distinct  acids  ;  but  the  subject  requires 
further  investigation  before  it  can  be 
considered  as  finally  determined.  When 
the  peroxide  of  manganese  is  mixed  with 
an  equal  weight  of  nitre,  and  exposed 
to  a  red  heat,  a  green-coloured  mass  is 
obtained,  which  has  long  been  known 
by  the  name  of  mineral  chameleon.  On 
dissolving  this  substance  in  water,  a 
green  solution  is  obtained ;  the  colour 
of  which  soon  changes  in  succession  to 
blue,  purple,  and  red,  and  ultimately' 
disappears  entirely.  The  experiment 
may  be  varied  by  putting  equal  quanti¬ 
ties  of  this  substance  into  two  glass 
vessels,  and  pouring  into  the  one  hot, 
and  into  the  other  cold  water.  The  hot 
solution  will  have  a  beautiful  green  co¬ 
lour,  and  the  cold  a  deep  purple.  The 
shades  will  vary  as  the  temperature 
alters.  These  green  and  red  colours 
have  been  ascribed  to  the  successive 
formation  of  the  two  acids. 
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CHAPTER  IX. 

On  the  Metals  which  absorb  and  retain 
Oxygen  at  high  temperatures,  and 
decompose  Water  at  common  tempe¬ 
ratures,  or  the  Alkaline  Metals, 

Potassium,  Calcium, 

Sodium,  Barium, 

Lithium,  Strontium, 

and  their  Binary  compounds. 

(§  312.)  We  come  now  to  those  metals 
whose  attraction  for  oxygen  is  of  the 
most  intense  degree ;  which  absorb  it 
from  the  atmosphere,  retain  it  at  the 
highest  heats,  and  detach  it  from  water 
even  at  common  temperatures.  %  Their 
oxides  had,  forages,  resisted  all  attempts 
1o  analyse  them,  when  at  length  they  were 
found  to  yield  to  the  decomposing  energy 
of  the  voltaic  pile.  The  secret  of  their 
composition  being  once  developed,  some 
of  them  have  been  since  reduced  by 
other  means ;  but  (he  majority  can 
only  yet  have  their  prevailing  affinity 
temporally  suspended  by  the  electric 
repulsion.  There  is  a  striking  resem¬ 
blance  between  the  properties  of  the 
oxides  of  all  these  metals  ;  they  are  em¬ 
phatically  denominated  alkalies.  Their 
taste  is  hot,  bitter,  and  caustic :  they 
are  more  or  less  soluble  in  water :  they 
change  the  colours  of  vegetable  blues  to 
green,  and  yellows  to  brown  ;  charac¬ 
ters  which  correspond  with  those  which 
we  have  described  as  existing  in  the  vo¬ 
latile  alkali,  ammonia  ($  79). 

Potassium. — 40. 

(§313.)  If  a  thin  piece  of  hydrate  of 
potash,  slightly  moistened,  be  placed  be¬ 
tween  two  plates  of  platinum  connected 
with  the  extremities  of  a  voltaic  appa¬ 
ratus  of  200  double  plates,  four  inches 
square,  it  will  soon  undergo  fusion  ; 
oxygen  will  separate  at  the  positive  pole, 
and  small  metallic  globules  will  appear 
at  the  negative  surface.  The  metal  can 
only  thus  be  obtained  in  very  small 
quantities,  but  quite  sufficient  to  deter¬ 
mine  its  characters.  After  this  impor¬ 
tant  discovery  was  made,  it  was  found 
that  the  same  decomposition  might  be 
effected  by  the  power  of  elective  affinity, 
assisted  by  strong  heat,  and  the  metal 
be  produced  in  much  greater  abundance. 
If  iron-turnings  be  heated  to  whiteness 
in  a  curved  gun-barrel,  and  potash 
melted  and  made  slowly  to  come  in  con¬ 
tact  with  the  turnings,  the  air  being 
carefully  excluded,  potassium  will  be 


formed  and  collect  in  the  part  of  the 
tube  kept  cool  for  that  purpose. 

This  extraordinary  metal  is  solid  at 
the  ordinary  temperature  of  the  atmos¬ 
phere;  but  it  is  soft,  and  easily  moulded 
by  the  fingers.  In  colour  and  lustre, 
when  newly  cut,  it  exactly  resembles 
mercury.  It  is  perfectly  opaque,  and  a 
good  conductor  both  of  heat  and  elec¬ 
tricity.  It  is  lighter  than  water  ;  its  spe¬ 
cific  gravity,  at  GO3,  being  0.865.  It  is 
not  perfectly  fluid  till  its  temperature 
reaches  150°  Fah. ;  and  it  may  be  sub¬ 
limed  at  a  red  heat,  provided  the  air  be 
perfectly  excluded.  When  heated  in  the 
air  it  burns  with  a  white  flame;  and, 
when  thrown  upon  water,  it  acts  upon 
that  fluid  with  great  violence,  swimming 
upon  its  surface,  and  burning  with  great 
splendour.  It  oxidizes  rapidiy  in  the  air, 
and  can  only  be  preserved  under  naphtha 
or  other  light  fluids,  into  the  composition 
of  which  oxygen  does  not  enter,  or  in 
glass  tubes  hermetically  sealed. 

Potassium  and  Oxygen. 

Protoxide  of  Potassium,  or  Potash. — 48. 

(1  P.  40  +  1  O.  8.) 

(§  314.)  The  protoxide  of  potassium, 
commonly  called  potash,  is  always 
formed  when  potassium  is  put  into 
water,  or  exposed  to  dry  air  or  oxygen 
gas.  By  the  first  process,  even  when 
the  solution  is  evaporated  to  dryness, 
and  exposed  to  a  red  heat,  it  retains  a 
proportion  of  water;  by  the  second  it  is 
anhydrous.  The  anhydrous  oxide  may 
also  be  obtained  by  decomposing  nitrate 
of  potash  (nitre),  at  a  red  heat,  in  a 
vessel  of  gold.  In  this  slate  it  is  white, 
extremely  caustic,  and  fusible  a  little 
above  a  red  heat.  It  has  an  intense  affi¬ 
nity  for  water,  which  it  absorbs  from 
the  air.  When  once  combined  with  it, 
it  cannot  be  wholly  expelled  by  the  most 
intense  heat.  The  solid  hydrate  of  potash 
is  composed  of 

1  equivalent  of  potash  -  48 

1  ditto  water  -  -  9 

57 

It  is  in  this  state  that  it  is  commonly 
met  with.  It  is  easy  to  ascertain  the 
quantity  of  oxygen  which  enters  into  the 
composition  of  potash  by  the  volume 
of  hydrogen  liberated  during  the  action 
of  potassium  on  water;  for,  when  the 
metal  is  plunged  at  once  under  that 
fluid,  it  is  oxidized  without  the  evolution 
of  light  and  heat ;  and  each  grain  de- 
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laches  1.06  cubic  inch  of  hydrogen  gas. 
Hence  75  parts  of  potassium  condense 
1 5  parts  of  oxygen  to  become  potash, 
and  15  :  75  : :  8  :  40  ;  therefore  potash 
is  constituted  of 

.1  equivalent  of  potassium  -  -  40 
1  ditto  oxygen  -  -  8 

48 

The  potash  of  commerce  is  obtained,  in 
an  impure  state,  by  the  incineration  of 
vegetable  matters,  and  hence  is  desig¬ 
nated  as  the  vegetable  alkali.  The  purest 
is  distinguished  by  the  name  of  pear  lash. 
To  render  it  perfectly  pure  for  chemical 
purposes,  pearlash  should  be  dissolved 
in  twice  its  weight  of  boiling  water  :  an 
equal  weight  of  fresh  burned  lime,  re¬ 
duced  to  a  powder  by  slaking,  must  then 
be  equally  diffused  through  it,  and  the 
whole  boiled  and  stirred  in  an-  iron 
vessel  for  half  an  hour.  The  clear  so¬ 
lution,  carefully  separated  from  the  se¬ 
diment,  must  next  be  evaporated  to  dry¬ 
ness  in  a  silver  dish.  Pure  alcohol  will 
now  take  up  only  the  perfectly  pure  hy¬ 
drate  of  potash,  which  may  be  obtained 
in  the  solid  form  by  evaporating  or  dis¬ 
tilling  off  the  spirit  in  silver  vessels. 
The  hydrate  of  potash  has  an  intensely 
acrid  taste,  and  destroys  the  texture  of 
animal  and  vegetable  substances.  It 
changes  blue  vegetable  colours  to  green, 
and  neutralizes  acids  without  effer¬ 
vescence.  It  rapidly  attracts  mois¬ 
ture  and  carbonic  acid  from  the  air. 
It  is  extensively  used  in  several  ma¬ 
nufactures. 

Peroxide  of  Potassium. — 64. 

(1  P.  40  +  3  0.24.) 

(§  315.)  When  potassium  is  burned 
in  the  open  air,  or  in  oxygen  gas,  it  is 
converted  into  an  orange-coloured  sub¬ 
stance,  which  is  the  peroxide  of  the 
metal.  It  may  likewise  be  formed  by 
passing  a  current  of  oxygen  over  pot¬ 
ash  at  a  red  heat.  When  this  peroxide 
is  thrown  into  water,  a  solution  of  pot¬ 
ash  (or  protoxide)  is  formed,  and  oxygen 
is  given  off  with  effervescence.  It  is 
composed  of 

1  equivalent  potassium  40 

3  ditto  oxygen  24 

64 

When  it  is  fused,  and  brought  into 
contact  with  combustible  bodies,  they 
burn  vividly  in  the  excess  of  its  oxygen. 


Potassium  and  Chlorine. 

Chloride  of  Potassium. — 76. 

(1  P.  40.  +  1  C.  36.) 

(§  316.)  When  small  pieces  of  po¬ 
tassium  are  introduced  into  chlorine, 
the  inflammation  is  very  intense.  Each 
grain  absorbs  1.1  cubic  inch  of  the 
gas,  and  the  white  saline  body  which  is 
formed,  is  constituted  of 

1  equivalent  potassium  40 
1  ditto  chlorine  36 

76 

Chloride  of  potassium  is  soluble  in 
water,  and  crystallizes  from  its  solution 
by  evaporation.  It  has  a  bitter,  dis¬ 
agreeable  taste. 

The  attraction  of  chlorine  for  potas¬ 
sium  is  stronger  than  that  of  oxygen: 
for  both  the  oxides  are  decomposed  by 
that  body ;  the  chloride  being  produced 
and  oxygen  extricated. 

Alloys  of  Potassium. 

(§  317.)  Potassium  combines  rapidly 
with  mercury ;  and  the  union  is  effected 
by  merely  bringing  the  two  metals  in 
contact  at  the  temperature  of  the  air. 
The  amalgam  is  soft  and  malleable ;  but 
its  solidity  and  brittleness  increase  with 
the  proportion  of  potassium.  This  com¬ 
pound  may  be  obtained  by  a  very  easy 
process  by  those  who  possess  a  voltaic 
pile  of  only  twenty  plates.  A  thin 
stratum  of  mercury  is  made  to  cover 
the  bottom  of  a  flat  glass  dish,  of  about 
two  inches  diameter  :  this  is  covered 
with  a  strong  solution  of  pure  potash  ; 
an  iron  wire  must  connect  the  negative 
pole  of  the  battery  with  the  mercury, 
and  a  platinum  wire  from  the  positive 
pole  must  dip  into  the  alkaline  solution 
within  about  a  line  of  the  surface  of  the 
mercury.  With  such  an  arrangement, 
more  than  1200  grains  of  mercury  will 
become  solid  in  twenty-four  hours. 

The  amalgam  rapidly  attracts  oxygen 
from  the  air  ;  and  the  mercury  is  re¬ 
stored  to  its  former  state.  It  has  the 
property  of  dissolving  all  the  metals, 
and  even  of  acting  upon  platinum. 

Potassium  unites  also  with  gold, 
silver,  and  copper  ;  and  when  the  alloys 
are  thrown  into  water,  they  are  decom¬ 
posed,  a  solution  of  potash  is  formed, 
and  the  metals  are  separated  unaltered. 

Sodium. — 24. 

(§  318.)  Sodium  may  be  obtained  by 
exactly  the  same  electrical  and  chemical 
processes  as  potassium,  by  acting  upon 
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pure  hydrate  of  soda.  It  requires,  how¬ 
ever,  a  stronger  voltaic  power,  and  a 
higher  degree  of  heat  to  effect  the  de¬ 
composition.  The  metal  is  as  white  as 
silver,  possesses  great  lustre,  and  is  a 
good  conductor  of  heat  and  electricity.  It 
is  very  malleable,  and  perfectly  opaque. 
It  is  lighter  than  water ;  its  specific 
gravity  being  0.972.  It  is  less  fusible 
than  potassium,  not  becoming  perfectly 
liquid  till  it  acquires  a  temperature  be¬ 
tween  180°  and  190°  F.  When  exposed 
to  the  atmosphere,  it  tarnishes  ;  but  is 
not  changed  in  air  that  has  been  artifici¬ 
ally  dried.  When  thrown  upon  water, 
it  produces  a  violent  effervescence  and 
hissing  noise,  but  does  not  inflame.  It 
gradually  diminishes  with  great  agita¬ 
tion  ;  a  solution  of  soda  is  produced, 
and  hydrogen  escapes.  When  heated 
to  its  fusing  point  in  air,  or  oxygen  gas, 
it  becomes  rapidly  oxidated  ;  but  does 
not  inflame  till  nearly  red  hot,  when  it 
burns  with  a  white  light,  accompanied 
with  red  sparks.  Like  potassium,  it  is 
best  preserved  under  the  surface  of  pure 
naphtha. 

Sodium  and  Oxygen. 
Protoxide  of  Sodium,  or  Soda. — 32. 

(1  S.  24  +  1  O.  8.) 

(§  319.)  The  protoxide  of  sodium,  or 
soda,  is  formed  when  the  metal  is 
burned  in  perfectly  dry  atmospheric  air. 
It  is  also  formed  when  sodium  is  thrown 
into  water,  and-  its  composition  may  be 
determined  by  the  quantity  of  hydrogen 
which  is  liberated.  Upon  evaporating, 
the  solution,  however,  obtained  by  the 
last  means,  the  soda  is  obtained  in  the 
form  of  a  hydrate,  from  which  the  last 
portions  of  water  cannot  be  expelled  by 
any  degree  of  heat.  It  is  composed  of 
1  equivalent  oxide  32 

1  ditto  water  9 

41 

the  oxide  itself  being  a  compound  of 
1  equivalent  of  sodium  24 

1  ditto  oxygen  8 

making  the  equivalent  of  soda  32 

The  solid  hydrate  is  easily  fusible  by 
heat,  and  extremely  caustic ;  it  is 
soluble  in  water  and  alcohol,  and  pos¬ 
sesses  all  the  alkaline  properties  in  an 
eminent  degree.  It  is  found  in  com¬ 
merce  in  an  impure  state,  and  is  largely 
used  in  many  important  manufactures. 
It  may  be  purified  by  a  similar  process 
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to  that  for  obtaining  pure  potash. 
Under  the  name  of  natron,  it  is  found 
native  in  mineral  seams  or  crusts,  and 
hence  has  been  called  the  mineral  alkali. 
It  is  also  largely  produced  by  the 
incineration  of  sea-weeds. 

Peroxide  of  Sodium. — 40. 

(1  S.  24  +  2  0.  16.) 

(§  320.)  When  Sodium  is  strongly 
heated  in  an  excess  of  pure  oxygen,  an 
orange-coloured  substance  is  formed, 
which  is  the  peroxide  of  the  metal.  It 
is  very  fusible,  and  a  non-conductor  of 
electricity.  When  acted  upon  by  water, 
it  gives  off  oxygen  and  forms  a  solution 
of  soda.  It  deflagrates  when  heated  with 
combustible  bodies.  It  is  constituted  of 

1  equivalent  of  sodium  -  -  24 

2  ditto  oxygen  -  -  16 

40 

Sodium  and  Chlorine. 

Chloride  of  Sodium,  or  Common 
Salt.— 60. 

(1  S.  24  +  1  C.  36.) 

(§  321.)  Sodium  burns  in  chlorine,  and 
is  converted  into  a  white  compound, 
having  all  the  characters  of  the  well- 
known  substance  common  salt.  The 
same  product  may  also  be  formed  by 
heating  the  metal  in  muriatic  acid  gas, 
W'hen  hydrogen  is  liberated  and  Ihe 
chloride  formed.  It  is  an  abundant 
product  of  nature,  and  is  become  a 
necessary  ingredient  of  the  food  of 
man,  and  of  essential  utility  in  many  of 
the  arts.  It  is  soluble  in  water,  and 
crystallizes  from  its  solution  when  the 
water  is  evaporated.  It  fuses,  but  does 
not  undergo  any  other  change  from  a 
strong  heat.  The  attraction  of  sodium 
for  chlorine  is  not  so  strong  as  that  of 
potassium :  hence,  when  the  latter  metal 
and  common  salt  are  heated  together, 
sodium  is  obtained.  The  chloride  of 
sodium  is  composed  of 

1  equivalent  of  sodium  -  -  24 

1  ditto  chlorine  -  -  36 

and  the  equivalent  of  common  salt  is  60 

Lithium. — 10. 

(§  322.)  Lithium  has  very  lately  been 
discovered  in  the  state  of  an  oxide 
or  alkali  in  two  or  three  rare  minerals  ; 
and  in  this  respect  offers  a  strong  con¬ 
trast  to  the  abundant  distribution  of  the 
vegetable  and  mineral  alkalies  w'hich 
we  have  just  been  describing  It  has 
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been  reduced  to  the  metallic  state  by 
the  power  of  the  voltaic  battery  ;  but  it 
burned  again  so  rapidly,  that  it  was 
only  observed  to  be  of  a  white  colour, 
and  much  to  resemble  sodium. 

Lithium  and  Oxygen. 

Lithia. — 18. 

(1  L.  10  +  1  O.  8.) 

(§  323.)  Pure  oxide  of  lithium,  or 
lithia,  has  a  very  sharp,  burning  taste, 
and  rapidly  corrodes  the  cuticle,  like 
potash.  It  is  soluble  in  water  with  the 
evolution  of  heat,  but  very  sparingly 
soluble  in  alcohol.  It  strongly  possesses 
all  the  alkaline  properties.  When  heated 
in  contact  with  platinum,  it.  fuses,  and 
acts  upon  the  metal.  If  exposed  to  the 
air,  it  does  not  deliquesce,  but  rapidly 
attracts  carbonic  acid.  It  is  composed  of 
1  equivalent  of  lithium  -  -  10 

1  ditto  oxygen  -  -  8 

and  the  equivalent  of  lithia  is  -  18 

Calcium. — 20. 

(§  324.)  Calcium  has  only  hitherto  been 
obtained  in  minute  quantities  by  the 
power  of  electrical  repulsion,  acting 
upon  lime;  which  has  by  these  means 
been  proved  to  be  an  oxide  of  the  metal. 
The  process  may  be  repeated,  with  a 
battery  of  sufficient  power,  by  forming 
some  pure  lime  into  a  paste  with  water, 
and  placing  a  globule  of  mercury  in  a 
small  cavity  in  its  surface.  It  may  be 
placed  upon  a  metallic  plate  connected 
with  the  positive  wire  of  the  battery ; 
while  the  negative  wire  is  made  to  dip 
into  the  mercury.  When  the  process 
has  been  continued  sufficiently  long,  an 
amalgam  of  calcium  is  obtained,  which 
may  be  put  into  a  small  retort  with 
naphtha  enough  to  cover  it.  Upon  ap¬ 
plying  heat  the  naphtha  first  rises  in 
vapour,  then  the  mercury,  and  the  cal¬ 
cium  remains  fixed.  It  lias  been  ob¬ 
tained  in  such  small  quantities,  that  but 
little  is  known  of  its  nature.  The  metal 
is  white,  with  the  colour  and  lustre  of 
silver.  When  gently  heated  in  air,  it 
takes  fire,  and  burns  with  an  intense 
white  light  into  lime.  When  the  amal¬ 
gam  of  calcium  is  thrown  into  water, 
hydrogen  is  given  off,  and  a  solution  of 
lime  is  formed. 

Calcium  and  Oxygen. 
Protoxide  of  Calcium,  or  Lime. — 28. 

(1  C.  20  +  1  0.8.) 

(§  325.)  From  the  quantity  of  hydrogen 


evolved  by  the  action  of  calcium  upon 
water,  it  has  been  calculated  that  lime 
is  composed  of 

1  equivalent  of  calcium  -  -  20 
1  ditto  oxygen  -  -  8 

making  the  equivalent  of  lime  -  28 
Lime  is  a  well-known  and  highly- 
important  substance,  whose  compounds 
are  widely  distributed  in  all  the  king¬ 
doms  of  nature.  When  pure,  in  which 
state  it  may  be  obtained  by  exposing 
white  marble,  or  calcareous  spar  to  a 
strong  red  heat,  it  is  a  soft  white  sub¬ 
stance  of  the  specific  gravity  of  2.3. 
It  is  perfectly  fixed  in  the  fire,  and  re¬ 
quires  an  intense  heat  for  its  fusion ; 
but  it  remarkably  promotes  the  fusion 
of  earthy  bodies,  and  is  therefore  used 
in  metallurgy  as  a  powerful  flux.  Its 
taste  is  caustic,  alkaline,  and  astrin¬ 
gent.  It  is  sparingly  soluble  in  water, 
requiring  at  00°  Fah.  750  times  its 
weight  to  effect  the  solution.  It  is 
rather  less  soluble  in  hot  than  in  cold 
water;  so  that  when  lime-water  is 
boiled,  the  lime  is  precipitated.  It  ren¬ 
ders  vegetable  blue  colours  green,  and 
yellows  brown.  Lime  absorbs  moisture 
from  the  air,  and  becomes  converted 
into  a  hydrate,  which  is  also  formed 
when  quick  lime  (as  it  is  commonly 
called)  undergoes  the  process  of  slak¬ 
ing.  This  consists  in  sprinkling  it  with 
water,  which  it  greedily  absorbs;  giving- 
out,  at  the  same  time,  a  great  quantity 
of  heat.  The  hydrate  is  a  white  bulky 
powder,  which  consists  of 

1  equivalent  of  lime  -  28 
1  ditto  water  -  -  9 

37 

It  parts  with  its  water  at  a  red  heat. 

Deutoxide  of  Calcium. — 36. 

(1  C.  20  +  2  O.  16.) 

($  326.)  By  passing  oxygen  gas  over 
ignited  lime,  the  gas  is  absorbed,  and 
a  peroxide  of  calcium  formed,  which  is 
believed  to  be  composed  of 

1  equivalent  of  calcium  -  -  20 

2  ditto  oxygen  -  -  16 

36 

Calcium  and  Chlorine. 

Chlorideof  Calcium. — 56. 

(1  C.  20  +  1  Ch.  36.) 

(§  327.)  The  chlorideof  calcium  has  not 
been  directly  made,  on  account  of  the 
great  scarcity  of  the  metal ;  but  when 
pure  lime  is  heated  in  chlorine,  the 
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oxygen  is  evolved  and  the  chloride  pro¬ 
duced:  It  is  composed  of 

1  equivalent  of  calcium  -  -  20 

1  ditto  chlorine  -  36 

56 

When  it  is  exposed  to  the  air,  it  deli- 
quiates  rapidly  ;  and  the  solution  is  of 
a  thick  oily  consistence,  and  of  a  bitter 
acrid  taste.  Its  attraction  for  moisture 
is  so  great,  that  it  is  very  commonly 
employed  in  chemical  experiments,  for 
drying  gases,  and  other  products  (§  84 
and  174),  by,  passing  them  over  its 
surface.  It  may  be  crystallized,  and 
when  mixed  in  this  state  with  new-fallen 
show,  a  degree  of  cold  maybe  produced 
sufficient  to  freeze  mercury. 

Barium. — 70. 

(§  328.)  Barium  has  been  obtained  in 
small  quantities,  by  a  process  exactly 
similar  to  that  for  obtaining  calcium,  the 
paste  being  formed  of  a  mineral,  called 
Carbonate  of  Barytes.  The  residue  of 
the  distillation  in  this  case  is  a  dark- 
grey  metal,  whose  lustre  is  inferior  to 
that  of  cast-iron.  It  fuses  at  a  heat 
below  redness;  and  if  heated  to  red¬ 
ness,  is  converted  into  vapour,  which 
acts  violently  upon  glass.  From  some 
experiments  which  have  been  made 
upon  it,  it  is  probably  four  or  five  times 
heavier  than  water.  When  exposed  to 
the  air,  it  falls  into  a  white  powder, 
which  is  the 'protoxide  of  the  metal; 
and  when  thrown  into  water,  it  acts 
vyith  great  violence,  producing  hydrogen 
gas,  and  a  solution  of  the  oxide.  When 
heated  in  the  air,  it  combines  with  its 
oxygen  more  rapidly,  burning  with  a 
deep-red  light. 

Barium  and  Oxygen. 
Protoxide  of  Barium,  or  Baryta .* — 78. 

(1  B.  70  -f  108.) 

(§  329.)  The  oxide  formed,  as  above,  by 
the  combustion  of  metallic  Barium,  may 
more  readily  be  obtained  by  the  com¬ 
bination,  at  an  intense  heat,  of  carbonate 
of  baryta  mixed  with  charcoal.  This 
salt  is  a  native  product,  and  may  also  be 
prepared  by  art.  The  more  simple 
operation,  however,  is  to  dissolve  the 
carbonate  in  nitric  acid,  and  then  to  de¬ 
compose  the  nitrate ;  which  may  be  ef¬ 
fected  by  a  moderate  heat. 

Baryta,  when  pure,  has  a  sharp  caustic 

*  From  a  Greek  word,  signifying  foary,  from  its 
great  specific  gravity. 


taste  ;  changes  vegetable  blue  colours  to 
green,  and  neutralizes  the  acids.  It  is  poi¬ 
sonous,  as  are  all  its  soluble  compounds. 

It  is  generally  obtained  in  the  form  of  a 
grey  powder  of  the  specific  gravity  of 
about  4.  It  is  insoluble  in  pure  alcohol, 
but  has  a  very  strong  affinity  for  water. 

It  may  be  slaked  in  the  manner  of  quick¬ 
lime,  but  with  the  evolution  of  a  much 
greater  degree  of  heat.  The  hydrate  thus 
formed  is  composed  of 

1  equivalent  of  baryla  -  78 

1  ditto  water  -  9 

87 

It  melts  at  a  red  heat,  but  does  not  part 
with  its  water  at  the  highest  temperature 
of  a  smith's  forge.  It  dissolves  in  twice 
its  weight  of  boiling  water,  and  in  20 
parts  of  water  at  the  temperature  of  60° 
Fall.  The  boiling  solution,  upon  cooling, 
deposits  regular  crystals,  which  consist 
of 

1  equivalent  of  barytes  -  78 

20  ditto  water  -  180 

258 

19  of  which  are  driven  off  by  a  red  heat. 
They  communicate  a  yellowish  colour  to 
the  flame  of  alcohol.  The  protoxide  is 
composed  of 

1  equivalent  of  barium  -  70 

1  ditto  oxygen  -  8 

78 

Peroxide  of  Barium. — 86. 

(1  B.  70  -f  2  O.  16.) 

(§  330.)  Barium  may  be  made  to  unite 
with  a  further  proportion  of  oxygen. 
When  pure  barytes  is  ignited  in  oxygen 
the  gas  is  rapidly  absorbed,  and  a  grey 
compound  formed.  It  is  best  prepared 
by  passing  a  current  of  dry  oxygen  over 
the  oxide  placed  in  a  glass  tube  hori¬ 
zontally  fixed  in  a  furnace,  and  heated 
to  redness.  It  is  composed  of 

1  equivalent  of  barium  -  70 

2  ditto  oxygen  -  16 

86 

(§  331.)  It  is  from  this  compound  that 
the  oxygenized  water,  before  described 
(§  54.),  is  prepared.  When  acted  Upon 
by  liquid  muriatic  acid  it  abandons  part 
of  its  oxygen,  and  is  reduced  to  the  state 
of  protoxide ;  which  is  dissolved  by  the 
acid,  while  the  oxygen  unites  with  the 
water.  Sulphuric  acid  carefully  added 
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to  this  solution  forms  an  insoluble  pre¬ 
cipitate  with  the  barytes,  and  the  muri¬ 
atic  acid  is  again  set  free ;  which  is  thus 
made  to  act  upon  successive  portions  of 
the  peroxide,  until  the  water  is  fully  sa¬ 
turated  with  oxygen.  The  muriatic  acid 
is  then  removed  by  dropping  in  some 
sulphate  of  silver ;  when  another  inso¬ 
luble  precipitate  falls  down  and  the  re¬ 
maining  sulphuric  acid  is  abstracted  by 
a  solution  of  pure  barytes.  The  perfect 
success  of  this  process,  though  simple  in 
theory,  depends  upon  many  practical 
precautions,  and  must  be  carried  on  in 
vessels  surrounded  with  ice. 

Barium  and  Chlorine. 

Chloride  of  Barium. — 106. 

(1  B.  70  +  1  C.  36.) 

(§  332.)  When  pure  baryta  is  heated 
in  chlorine,  oxygen  gas  is  liberated,  and 
a  chloride  of  barium  formed — which  is 
composed  of 

1  equivalent  of  barium  -  70 

1  ditto  chlorine  -  36 

106 

Strontium. — 44. 

($  333.)  Strontium  may  be  obtained, 
in  minute  quantities,  by  the  same  pro¬ 
cess  as  barium  ;  substituting  the  carbo¬ 
nate  of  strontia,*  which  is  a  native  pro¬ 
duct,  for  the  carbonate  of  baryta.  It 
resembles  barium,  is  fusible  with  diffi¬ 
culty,  and  not  volatile.  It  decomposes 
water  with  the  evolution  of  hydrogen, 
and  is  converted  into  an  oxide  by  ex¬ 
posure  to  the  air. 

Strontium  and  Oxygen. 

Protoxide  of  Strontium, 
or  Strontia. — 52. 

(I  S.  44  +  1  0.  8.) 

(§  334.)  The  protoxide  of  strontium,  or 
strontia,  may  be  obtained  by  exposing 
nitrate  of  strontia  to  a  strong  red  heat. 
It  is  a  grey  substance  which  possesses 
distinct  alkaline  properties.  It  may  be 
slaked  with  water,  which  causes  an  in¬ 
tense  heat.  The  solid  hydrate  is  com¬ 
posed  of 

1  equivalent  of  strontia  -  52 
1  ditto  water  -  9 

61 


•  So  called  from  Strontian  in  Scotland,  where  it 
was  first  discovered. 


and  strontia  of 

1  equivalent  of  strontium  44 

1  ditto  oxygen  -  8 

52 

The  hydrate  fuses  at  a  red  heat ;  but 
its  water  cannot  be  driven  off  by  the 
strongest  temperature  of  a  blast  furnace. 
It  is  very  soluble  in  boiling  water, 
which  deposits  it  in  crystals,  upon  being 
allowed  to  cool  undisturbed,  which  are 
composed  of  one  equivalent  of  the  oxide, 
and  twelve  of  water.  They  are  inso¬ 
luble  in  alcohol,  but  impart  a  blood  red 
colour  to  its  flame. 

It  differs  from  baryta  in  not  being 
poisonous  :  but  its  taste  is  acrid. 

Chapter  X. 

On  the  Metals  which  are  generally 
analogous  to  those  of  the  last  class, 
but  whose  Oxides  are  insoluble  in 
water,  and  insipid :  or  the 
Earthy  Metals. 

Magnesium.  Yttrium.  Aluminum. 

Glucinum.  Zirconium. 

(§  335.)  The  existence  of  the  remain 
ing  class  of  metals  rests,  for  the  most 
part,  upon  imperfect  results  of  experi¬ 
ment,  but  upon  strong  analogy.  Their 
oxides,  in  which  form  only  they  exist  in 
nature,  have  long  been  known  by  the 
general  name  of  earths  :  they  are  not 
convertible  to  the  metallic  state  by  any 
of  the  ordinary  methods  of  reduction, 
and  scarcely  even  by  the  utmost  exer¬ 
tion  of  scientific  refinements :  they  are 
insipid,  and  destitute  of  the  acrid  taste 
of  the  alkalies,  but  constitute  salifiable 
bases  and  perfectly  neutralize  the  acids. 
These  earthy  metals  have  been  called 
Magnesium,  Glucinum,  Yttrium,  Alum¬ 
inum,  and  Zirconium. 

Magnesium. — 12.  ? 

(§  336.)  By  exposing  Magnesia,  in  con¬ 
tact  with  mercury,  for  a  long  time  to  the 
influence  of  a  powerful  voltaic  battery, 
an  amalgam  may  be  obtained  ;  which, 
by  distillation  out  of  the  contact  of  the 
atmosphere,  affords  a  dark  grey  metallic 
film.  It  has  been  collected  in  such  very 
minute  quantities,  as  scarcely  to  suffice 
for  determining  its  properties.  It  is, 
however,  infusible  at  a  very  high  tem¬ 
perature,  but  burns  with  a  red  light,  and 
is  converted  into  a  white  powder  pos¬ 
sessing  the  properties  of  magnesia. 
When  thrown  into  water,  it  sinks  to  the 
bottom,  effervesces  slowly,  and  becomes 
covered  with  the  same  white  substance. 
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Magnesium  and  Oxygen. 

Oxide  of  Magnesium  or  Magnesia. — 20. 
(1  M.  12  +  1  0.  8.) 

($  337.)  The  proportion  in  which  the 
metallic  base  of  magnesia  combines 
with  oxygen  has  not  been  determined 
by  direct  experiment ;  but  it  is  inferred 
from  the  combinations  of  the  oxide, 
that  magnesia  is  a  compound  of 
1  equivalent  of  magnesium  1 2 
1  ditto  oxygen  -  8 
and  that  its  combining  pro-  — 

portion  is  -  -  -  20 

Pure  magnesia  may  be  obtained  by 
exposing  carbonate  of  magnesia  to  a 
strong  red  heat;  and  .is  commonly  to 
be  met  with  under  the  name  of  'calcined 
magnesia.  It  is  well  known  as  a  much- 
used  medicine.  It  is  a  white,  soft  pow¬ 
der,  having  a  specific  gravity  of  2.3. 
It  is  infusible,  and  possesses  neither 
taste  nor  smell.  It  renders  the  colour 
of  violets  green  when  suspended  in 
water ;  but  is  so  insoluble,  that  if  the 
water  with  which  it  has  been  mixed 
be  afterwards  filtered,  it  no  longer 
affects  blue  vegetable  colours.  It  ab¬ 
sorbs  a  quantity  of  that  fluid  with  the 
production  of  heat,  and  is  converted 
into  a  hydrate.  The  water  may,  how¬ 
ever,  be  again  expelled  by  a  red  heat. 
Magnesia  is  abundantly  distributed  by 
nature  in  the  mineral  kingdom,  entering 
largely  into  the  composition  of  extensive 
rock  formations ;  and  also  forms  a  con¬ 
siderable  proportion  of  the  ingredients 
of  sea  water,  from  which  it  is  chiefly  ob¬ 
tained  for  the  purposes  of  commerce. 

Glucinum. — 20  ? 

(§  338.)  By  heating  a  peculiar  earth 
called  glucina,*  with  potassium,  the  lat¬ 
ter  has  been  converted  into  potash  ;  and 
dark  coloured  particles,  possessing  a 
metallic  lustre,  were  disseminated  through 
the  mass,  which  regained  the  earthy  ap¬ 
pearance  by  being  heated  in  the  air,  and 
by  the  action  of  water.  Hence  it  is  pro¬ 
bable  that  the  earth  is  a  compound  of 
oxygen  and  a  peculiar  metal  to  which 
the  name  of  glucinum  has  been  given. 

Oxide  of  Glucinum,  or  Glucina. — 28. 
($339.)  Glucina  has  been  ascertained 
to  exist  only  in  three  rare  minerals,  viz. 
the  beryl,  the  emerald,  and  the  euclase.  It 
has  been  separated  from  the  other  ingre¬ 
dients  with  which  it  is  combined,  in  the 


•  From  a  Greek  word  signifying  sweet:  many  of 
its  combinatious  having  a  sweet  taste. 


form  of  a  fine,  white,  soft  powder.  It 
has  the  property  of  adhering  to  the 
tongue  like  pure  clay.  Its  specific  gra¬ 
vity  is  about  3.  It  has  no  action  upon 
vegetable  colours,  and  is  insoluble  in 
water,  with  which  however  it  may  be 
formed  into  a  ductile  paste.  It  is  solu¬ 
ble  in  liquid  potash  or  soda,  but  not  in 
a  solution  of  ammonia ;  it  is,  on  the  other 
hand,  completely  taken  up  by  carbonate 
of  ammonia,  and  is  precipitated  from  it 
by  boiling.  This  latter  property  distin¬ 
guishes  it  from  the  other  earths  with 
which  it  might  be  liable  to  be  con¬ 
founded.  It  combines  with  the  differ¬ 
ent  acids,  forming  salts  which  possess  a 
sweet  astringent  taste. 

Yttrium. — 34  ? 

(§  340.)  The  evidence  of  the  metallic 
existence  of  yttrium  is  of  the  same  na¬ 
ture,  and  obtained  by  the  same  means 
as  that  of  the  last  species. 

Oxide  of  Yttrium,  or  Yttria. — 42. 

($  341.)  Yttria  is  a  peculiar  earth  of 
still  more  rare  occurrence  even  than 
glucine,  having  been  chiefly  found  in 
a  very  scarce  mineral  from  Ytterby 
in  Sweden,  whence  it  derives  its  name. 
When  separated  from  its  other  associates 
in  the  compound,  it  is  perfectly  white, 
and  very  ponderous,  its  specific  gravity 
being  4.8.  It  is  devoid  of  taste  and 
smell,  and  is  smooth  to  the  touch.  It 
is  insoluble  in  water,  and  infusible  ex¬ 
cept  at  a  very  intense  heat.  It  is  not 
acted  upon  by  pure  alkalies,  but  is 
slightly  soluble  in  carbonate  of  ammo¬ 
nia.  It  forms  combinations  with  most 
of  the  acids. 

Aluminum. — 10  ? 

(§  342.)  Till  very  lately,  the  evidence  of 
the  existence  of  the  metallic  base  of 
alumine  (or  pure  clay)  was  of  the  same 
imperfect  nature  as  that  of  the  other 
earths  which  we  have  just  enumerated: 
the  skilful  application  of  the  powers  of 
elective  attraction  has,  however,  very 
recently  effected  its  decomposition  in  a 
more  satisfactory  way.  For  this  pur¬ 
pose  dry  chloride  of  aluminum  (pre¬ 
sently  to  be  described)  is  put  into  a  pla- 
tina  crucible  with  about  a  tenth  of  its 
weight  of  •potassium,  and  the  mixture 
gently  heated  over  a  spirit  lamp,  and 
afterwards  allowed  to  cool  gradually. 
The  chlorine  passes  to  the  potassium 
and  leaves  the  aluminum.  Upon  throw¬ 
ing  the  mass  into  water  the  metal  falls 
to  the  bottom  of  the  vessel  in  a  granular 
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state,  like  gunpowder.  It  possesses 
a  metallic  lustre,  approaching  to  that 
of  tin.  When  the  powder  is  rubbed 
upon  any  hard  substance  with  a  bur¬ 
nisher,  the  particles  adhere  together  and 
form  a  surface  which  strongly  reflects 
the  light.  It  has  a  powerful  affinity  for 
oxygen,  but  is  not  readily  altered  by  ex¬ 
posure  to  either  air  or  water  at  common 
temperatures.  When  heated  in  oxygen 
gas  it  burns  with  great  splendour,  and 
the  evolution  of  intense  heat  which  is 
sufficient  to  partially  fuse  the  alumine,  or 
oxide,  which  is  formed,  and  which  is  one 
of  the  most  infusible  substances  in 
nature.  Aluminum  is  perfectly  fixed  at 
the  highest  temperatures  to  which  it  has 
been  possible  to  expose  it. 

Aluminum  and  Oxygen. 

Oxide  of  Aluminum,  or  Alumine. — 18? 

( 1  A.  10  +  1  0.8.) 

(§  343.)  The  oxide  of  aluminum,  or  alu¬ 
mine,  is  most  abundantly  distributed  in 
the  mineral  kingdom  of  nature.  It  is 
found  nearly  in  a  state  of  purity  in  the 
precious  gems,  the  ruby  and  the  sap¬ 
phire  ;  and  is  a  constituent  of  the  oldest 
rocks  and  the  most  recent  alluvial  de¬ 
position.  The  different  kinds  of  clay, 
of  which  porcelain,  pipes,  and  bricks 
are  made,  consist  of  the  hydrate  of  alu¬ 
mine  in  various  degrees  of  purity.  It 
may  be  obtained  free  from  the  admix¬ 
ture  of  other  earths,  for  chemical  pur¬ 
poses,  by  precipitating  a  solution  of 
alum  in  water,  by  ammonia  or  the  car¬ 
bonates  of  the  fixed  alkalies ;  a  white, 
bulky,  hydrate  of  alumine  is  thus  ob¬ 
tained,  which,  when  carefully  washed, 
and  heated  to  whiteness,  affords  the 
pure  anhydrous  earth. 

Pure  alumine  has  neither  taste  nor 
smell ;  and  does  not  affect  the  colours 
of  vegetables.  It  is  not  soluble  in  water, 
but  when  moistened  with  that  fluid, 
forms  with  it  a  cohesive  ductile  mass. 
It  has  a  strong  affinity  for  moisture,  and 
after  ignition  greedily  absorbs  it  from 
the  atmosphere,  to  the  amount  of  half 
its  weight.  Ii  is  capable  of  combining 
both  with  the  fixed  alkalies,  and  with 
acids,  but  is  very  sparingly  taken  up  by 
the  volatile  alkali,  and  not  by  the  alka¬ 
line  carbonates. 

It  forms  permanent  combinations  with 
the  colouring  matter  of  different  organic 
substances,  and  is  much  used  in  the 
processes  of  dyeing  and  calico  printing. 


Aluminum  and  Chlorine. 

Chloride  of  Aluminum,  46  ? 

(1  A.  10  +  1  C.  36.) 

(§  344.)  Chloride  of  aluminum  may  be 
produced  by  the  direct  combination  of 
its  two  ingredients.  It  may  be  more 
easily  procured  by  calcining  pure  alumine 
intimately  mixed  up  with  sugar  and  oil, 
and  passing  chlorine  over  the  mixture 
at  a  red  heat.  The  charcoal  of  the 
sugar  and  the  oil  abstracts  the  oxygen 
of  the  alumine,  and  carbonic  oxide  i$ 
formed :  the  aluminum  at  the  same  time 
unites  with  the  chlorine.  The  chloride 
of  aluminum  is  a  yellow  substance, 
which  rises  in  vapour  at  a  temperature 
of  212°.  It  attracts  moisture  rapidly 
from  the  air  and  deliquesces.  The  solu¬ 
tion  is  sensibly  acid. 

Zirconium. 

(§  345.)  The  metallic  base  of  zirconia  (a 
very  rare  product  of  nature)  has  been 
lately  disengaged  by  heating  potassium 
with  a  salt  called  fluate  of  zirconia  and 
potash  carefully  dried.  The  decompo¬ 
sition  is  effected  at  a  temperature  below 
redness.  The  residue,  after  washing  in 
boiling  water,  and  digestion  in  diluted 
muriatic  acid,  is  pure  zirconium. 

It  is  thus  obtained  in  the  form  of  a 
black  powder.  When  heated  in  the  open 
air,  it  takes  fire  at  a  temperature  below 
redness,  burns  very  brightly,  and  is  con¬ 
verted  into  the  earth.  When  rubbed 
between  two  hard  surfaces,  it  assumes 
the  form  of  shining  scales  of  a  dark 
grey  colour. 

Oxide  of  Zirconium,  or  Zirconia. 

(§  346.)  The  oxide  of  zirconium  has 
only  been  detected  in  two  or  three 
rare  minerals  (the  zircon  of  Ceylon, 
and  the  hyacinth  from  France.)  It  is 
an  earthy  substance,  much  resembling 
alumine  in  external  character.  It  has 
neither  taste  nor  smell,  and  is  quite  in¬ 
soluble  in  water.  Its  colour  is  white, 
and  its  specific  gravity  about  4.3.  It 
forms  salts  with  the  different  acids,  and 
is  sparingly  dissolved  by  the  alkaline 
carbonates,  but  not  by  pure  alkalies. 

(§  347.)  Having  now  completed  the 
list  of  the  metals,  we  shall  subjoin  two 
tables,  similar  to  those  of  the  non-me- 
tallic  elements,  which  may  assist  in  re¬ 
calling  their  arrangement,  and  fixing 
upon  the  mind  the  equivalent  proportions 
in  which  they  are  disposed  to  combine. 
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TABLE  III. 

METALLIC  ELEMENTS. 


Electro-Negative. 

• 

Electro-Positive. 

No.  of 
Equi¬ 
valents. 

Oxides  reducible  by 
mere  heat. 

(Noble  Metals.) 

Do  'not  decompose 
water  at  any  tern-/ 
perature. 

Decompose  wafer  at  1 
a  red  heat  .  .  j 

Decompose  water  at/ 
atmospheric  tem¬ 
peratures.  Oxides! 
caustic.  .  .  .  | 

( Alkaline  Metals. ) 

Decompose  water  be¬ 
low  a  red  heat,  but 
oxides  insipid  .  .  < 

(Earthy  Metals.)  [ 

»  « 

*  * 

»•  .• 

' 

Mercury  . 

Silver  . 

Gold  .... 
Platinum  . 
Palladium 

Rhodium  . 

Iridium  . 

Osmium  . 

Nickel 

Lead  .... 
Tellurium 

Copper 

Bismuth 

Titanium 

Cobalt  .  , 

Cerium 

Uranium 

Antimony  . 
Columbium 
Tungsten  . 
Chromium  . 
Molybdenum  . 
Arsenic  . 

Tin . 

Iron  .... 
Zinc  .... 
Cadmium 
Manganese 

Potassium  .  . 

Sodium  .  .  . 

Lithium  . 

Calcium 

Barium  . 

Strontium 

Magnesium 

Glucinum 

Yttrium 

Aluminum  . 
Zirconium  . 

200 

110 

200 

96 

56 

44 

? 

p 

30 

104 

29 

64 

71 

p 

p 

p 

p 

44 

144 

96 

28 

48 

38 

59 

28 

34 

56 

28 

40 

24 

10 

20 

70 

44 

12 

20 

34 

10 

? 
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TABLE  IV. — Binary  Compounds  of  Metallic  Elements. 


1  Mercury  +  1  Oxy. 
Ditto  -}-2  Ditto 
Ditto  4-1  Chlo. 

Ditto  4-2  Ditto 

Ditto  -)- 1  Sulph. 

Ditto  +2  Ditto 

1  Silver  4-  1  Oxy. 

Ditto  4-1  Ohio. 

Ditto  +1  Sulph. 

1  Gold  -j-3  Oxy. 

Ditto  +3  Sulph. 

1  Platinum  +2  Oxy. 

Ditto  4- 1  Ohio. 

1  Palladium  -j- 1  Oxy. 

Ditto  + 1  Sulph. 

1  Nickel  -j-  1  Oxy. 

1  Lead  +  1  Ditto 

Ditto  1|  Ditto 

Ditto  +3  Ditto 

Ditto  +  1  Chlo. 

Ditto  4- 1  Sulph. 

1  Tellurium  4-  1  Oxy. 

I  Copper  +  1  Ditto 
Ditto  +2  Ditto 
Ditto  4-  1  Chlo. 
Ditto  +2  Ditto 
1  Bismuth  +  1  Oxy. 

Ditto  4-  1  Chlo. 

1  Cobalt  4-  1  Oxy. 

1  Antimony  4- 1  Ditto 

Ditto  4- 14  Ditto 

Ditto  +3  Ditto 

1  Columbium-j- 1  Ditto 

1  Tungsten  +2  Ditto 
Ditto  4-3  Ditto 
1  Chromium  -j- 1  Ditto 
Ditto  +2  Ditto 
Ditto  +3  Ditto 
lMolybdenum-|-2  Ditto 
Ditto  +3  Ditto 

1  Arsenic  +2  Ditto 

Ditto  4-3  Ditto 

1  Tin  4-1  Ditto 

Ditto  +2  Ditto 

Ditto  4-1  Chlo. 

Ditto  -j-2  Ditto 

1  Iron  +  1  Oxy. 

Ditto  -j-14  Ditto 

Ditto  4-1  Chlo. 
Ditto  +2  Ditto 
Ditto  4-1  Sulph. 
Ditto  -j-2  Ditto 
1  Zinc  -j-  1  Oxy. 

1  Cadmium  -j-  1  Ditto 
1  Manganese  4- 1  Ditto 
Ditto  4- 14  Ditto 

Ditto  -j-2  Ditto 
1  Potassium  -j- 1  Ditto 
Ditto  4-3  Ditto 
Ditto  4-1  Chlo. 

L  Sodium  4- 1  Oxy. 
Ditto  4-  2  Ditto 


Acid. 
Electro-Negative. 


Antimonious  acid56 
Antimonic  acid  CO 
Columbic  acid  162 

Tungstic  acid  120 


Chromic  acid  52 
Molybdousacid  64 
Molybdicacid  72 
Arsenious  acid  54 
Arsenic  acid  .  62 


Alkaline, 
or  Basic. 

Electro-Positive. 


Protox.  of  Merc.  208 
Perox.  of  Merc.  216 


Oxide  of  Silver  118 

Oxide  of  Gold  .  224 

Oxide  of  Platin.  112 

Oxide  of  Palladium  64 

Oxide  of  Nickel  .  38 
Protox.  of  Lead  1 12 


Ox.  of  Tellurium  37 
Protox.  of  Copper  72 
Perox.  of  Copper  80 


Oxide  of  Bismuth  79 

Oxide  of  Cobalt  ? 
Protox.  of  Antimo.  52 


Protox. of  Chromi.36 


Protox.  of  Tin  67 


Protox.  of  Iron  36 
Perox.  of  Iron  40 


Oxide  of  Zinc  .  42 
Ox.  of  Cadmium  64 
Protox.  of  Manga.  36 
Deutox.  of  Manga.  40 


Potash 


Soda 


48 


32 


Neutral. 


-I 

1  «| 

2  3 
=4 
u 


Protochl  .ofMercu.236 
[Calomel.) 

Bichlo.  of  Mercury  272 
( Corrosive  Sublimate.) 
Protosulph.of  Mer.216 
Bisulphu.  ofMer.  232 

Chloride  of  Silver  146 
Sulphuret  of  Silver  126 

Sulphuret  of  Gold  248 

Chlo.  of  Platinum  132 

Sulph.  of  Palladium  72 


Deutoxide  of  Lead  116 
Peroxide  of  Lead  120 
Chloride  of  Lead  140 
Sulphuret  of  Lead  120 


Protoch.of  Copper  100 
Perchlo.  of  Copper  136 

Chlo.  of  Bismuth  107 


Oxide  of  Tungsten  112 
Deutox.  of  Chromi.  44 


Peroxide  of  Tin  .  75 
Protochlo.  of  Tin  95 
Perchloride  of  Tin  131 


Protochlo.  of  Iron  64 
Perchloride  of  Iron  82 
Protosulphu.  of  Iron  44 
Bisulphuret  of  Iron  60 


Perox.  of  Manganese  44 

Perox.  of  Potassium  64 
Chlo.  of  Potassium  76 

Perox.  of  Sodium  40 
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Sodium  .  + 1  Chlo. 


1  Lithium . 

1  Calcium. 

Ditto 
Ditto 

1  Barium  . 

Ditto 
Ditto 

1  Strontium 
1  Magnesium  + 1 
1  Glucinum  -j- 1 
1  Yttrium.  +  1 
1  Aluminum  + 1 


+  1 
+  1 
+  2 
+  1 
+  1 
+  2 
+  1 
+  1 


Ditto 
1  Zirconium 


+  1 
f  i 


Oxy. 

Ditto 

Ditto 

Chlo. 

Oxy. 

Ditto 

Chlo. 

Oxy. 

Ditto 

Ditto 

Ditto 

Ditto 

Chlo. 

Oxy. 


Acid. 

Electro-Negative. 

No.  of 

Equivalents. 

Alkaline, 
or  Basic. 

Electro-Positive. 

4-  C 

:  if 

6  5 
55 '3 

c* 

W 

Neutral. 

No.  of 

Equivalents. 

Chloride  of  Sodium 

GO 

( Common  Salt) 

Lithia 

18 

Lime 

28 

Perox.  of  Calcium 

3G 

Chloride  of  Calcium  5G 

Baryta 

78 

Perox.  of  Barium 

8G 

. 

Chloride  of  Barium  10G 

Strontia  . 

. 

52 

Magnesia . 

. 

20 

Glucina  . 

28 

Yttria 

42 

Alumine  . 

18 

. 

• 

Chlo.  of  Aluminum  46 

Zirconia  . 

« 

7 

In  Table  III.  it  may  be  observed  that 
all  the  metals  are  arranged  on  the  elec¬ 
tro-positive  side;  as  in  their  decompo¬ 
sition  by  electric  repulsion,  their  com¬ 
pounds  are  invariably  reduced  at  the 
negative  pole  of  the  voltaic  battery. 

In  Table  IV.  we  may  remark  that  the 
great  majority  of  active  combinations 
(or  those  compounds  which  are  disposed 
to  enter  into  further  combination,  and 
which  are,  almost  without  exception, 
those  of  oxygen)  also  stand  in  the  electro¬ 
positive  column  ;  whereas  in  Table  II. 
of  the  binary  combinations  of  the  non- 
metallic  elements  all  but  one  are  ar¬ 
ranged  on  the  electro-negative  side.  In 
the  former  we  have  a  list  of  9  acids  and 
33  salifiable  bases,  and  in  the  latter  of 
22  acids  and  1  base. 

Amongst  the  combinations  of  oxygen 
with  the  metals  it  is  worthy  of  observa¬ 
tion,  that  there  are  many  instances  in 
which  one  proportion  of  oxygen  consti¬ 
tutes  a  base,  while  a  second  with  the 
same  substance  forms  an  acid.  Some¬ 
times  one  dose  of  this  highly  electro¬ 
negative  element  is  not  sufficient  to  neu¬ 
tralize  the  electro-positive  energy  of  the 
metal,  but  leaves  it  as  a  base  in  the 
electro-positive  class,  while  a  second 
completely  saturates  it,  and  takes  away 
all  further  power  of  combination :  at 
other  times,  as  with  chromium,  one  pro¬ 
portion  leaves  a  decided  positive  energy, 
a  second  completely  neutralizes,  and  a 
third  communicates  a  negative  power. 

We  must  here,  however,  recal  to  mind 
that  this  division  of  bodies  into  electro  ¬ 
negative  and  electro-positive,  is  not  ab¬ 
solute  but  relative  (§  33.),  and  there¬ 
fore  some  of  the  less  electro-positive  of 


the  electro-positive  class  are  capable  of 
forming  combinations  with  others  of  the 
bases :  in  this  manner,  ammonia  will 
unite  with  several  of  the  metallic  oxides, 
and,  more  rarely,  the  fixed  alkalies. 

The  column  of  the  neutral  compounds 
is  necessarily  very  incomplete,  as  we  have 
only  described  enough  of  that  class  to 
exemplify  the  subject :  our  purpose  rather 
requiring  that  we  should  set  before 
the  student  those  substances  which 
again  enter  into  combination,  than  those 
in  which  chemical  affinity  is  neutralized. 
The  binary  compounds  of  iodine,  bromine, 
sulphur,  &c.  with  all  the  metals,  and 
their  multiple  proportions,  would  form 
an  almost  interminable  list,  many  of 
which  have  never  been  examined  or 
described,  which  it  would  not  be  con¬ 
sistent  with  our  limits  further  to  pursue. 


Chapter  XI. 


On  Fluorine  and  its  Compounds. 

(J  348.)  We  have  stated  (§  98.)  that  “the 
class  of  electro-negative  elements  con¬ 
tains  only  four  known  and  one  hypo¬ 
thetical  (conjectural)  body,  the  existence 
of  which  requires  to  be  established  by 
further  proof.”  The  properties  of  the 
former,  viz.  oxygen,  chlorine,  bromine, 
and  iodine,  we  have  already  described. 
We  shall  now  adduce  the  evidence  upon 
which  fluorine  is  added  to  the  list  and 
describe  the  compounds  into  which  it  is 
believed  to  enter. 


Hydro-Fluoric  Acid. — 19  ? 

(1  F.  18  +  1  H.  1.)? 

349.)  There  is  a  substance  well 
mown  in  mining  districts,  called  fluor 
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spar*.  It  is  found  crystallized  in  cubes 
of  various  colours,  green,  yellow,  and 
purple ;  and  a  compact  variety  of  the 
same  substance,  the  product  of  Derby¬ 
shire,  is  worked  into  splendid  orna¬ 
mental  vases.  If  this  mineral  be  re- 
dued  to  powder,  mixed  with  twice  its 
weight  of  strong  hydro-sulphuric  acid, 
and  subjected  to  distillation,  a  powerful 
and  highly  corrosive  liquid  acid  may  be 
obtained.  For  this  purpose  a  leaden  or 
silver  retort  and  receiver  must  be  em¬ 
ployed  ;  and  while  a  moderate  heat  is 
applied  to  the  former,  the  latter  must  be 
kept  cool  by  pounded  ice  or  snow.  The 
hydro- fluoric  acid  thus  formed  must 
be  preserved  in  silver  or  leaden  bottles, 
with  stoppers  of  the  same  materials.  It 
is  extremely  volatile,  and  not  easily  con¬ 
fined.  In  appearance  it  resembles  oil 
of  vitriol.  Its  specific  gravity,  when 
first  prepared,  is  1.0G,  but  is  increased 
by  the  gradual  addition  of  water  to  1 .25  ; 
and  there  is  no  known  instance  of  a  si¬ 
milar  condensation.  It  is  necessary  to 
use  great  caution  in  experimenting  with 
this  substance,  as  its  vapours  are  highly 
irritating,  and,  when  applied  to  the  skin, 
it  disorganises  it  so  rapidly  as  to  occa¬ 
sion  dangerous  ulcers.  In  addition  to 
the  usual  properties  of  a  powerful  acid  it 
acts  strongly  on  glass,  and  corrodes  it 
deeply.  Plates  of  glass,  covered  with  a 
composition  of  bees-wax  and  turpentine, 
may  be  drawn  upon  with  a  graver,  and 
those  parts  which  are  laid  bare  may  be 
perfectly  etched  by  exposure  either  to  the 
vapour  or  the  diluted  acid. 

When  brought  into  contact  with  potas¬ 
sium,  a-  violent  detonation  takes  place  ; 
hydrogen  gas  escapes,  and  a  solid,  white 
saline  substance  is  formed,  which  may  be 
called  the  fluoride  of  potassium,  from 
analogy  to  the  chlorides. 

If  lime  be  thrown  into  it,  violent  heat 
is  extricated,  water  is  given  off,  and  the 
same  substance  as  fluor  spar  or  fluoride 
of  calcium  is  produced.  Attempts  have 
been  made  to  effect  the  decomposition  of 
the  fluoric  acid,  both  upon  the  suppo¬ 
sition  that  it  may  be  a  compound  of  an 
electro-positive  body,  such  as  sulphur, 
with  oxygen  ;  or  that  it  is  constituted  of 
a  highly  electro-negative  element,  like 
chlorine,  in  union  with  hydrogen.  The 
latter  view  is,  of  the  two,  the  best  sup¬ 
ported  by  experiment  and  analogy. 

When  exposed  to  the  agency  of  the 
voltaic  pile,  a  disengagement  of  a  small 
quantity  of  inflammable  gas  took  place 

•  So  called  from  its  assisting  the  fusion  of  earthy 
minerals  in  metallurgic  operations. 


at  the  negative  pole  'while  the  wire  of 
the  opposite  end  became  corroded,  and 
covered  with  a  chocolate-coloured  pow¬ 
der,  which  has  been  supposed  to  be  a 
compound  of  fluorine  and  platinum.  It 
is  argued  that  in  this  experiment  the 
acid  w'as  decomposed ;  that  the  inflam¬ 
mable  gas  at  the  negative  pole  of  the 
battery  was  hydrogen,  and  that  the  un¬ 
known  element,  upon  its  disengagement 
at  the  positive  pole,  immediately  com¬ 
bined  with  the  platinum.  The  result, 
however,  cannot  be  considered  as  deci¬ 
sive,  in  as  much  as  fluorine  was  not  ob¬ 
tained  in  an  insulated  form  ;  and  from 
the  noxious  vapours  which  arose  during 
the  process,  it  was  impossible  to  exa¬ 
mine  the  products  with  that  attention 
which  the  interest  of  the  subject  required. 
The  highly  active  properties  of  this  ele¬ 
ment  throw  peculiar  difficulties  in  the 
W'ay  of  its  examination,  as  it  attacks 
with  great  violence,  as  far  as  is  at  present 
known,  all  substances  with  which  we  are 
acquainted,  and  thus  deprives  us  of  the 
means  of  insulating  and  preserving  it. 
A  strong  argument  in  favour  of  the  ele¬ 
mentary  nature  of  fluorine  is  derived 
from  the  fact  that,  fluor  spar  is  not  de¬ 
composed  by  the  anhydrous  sulphuric 
acid.  (§  118.)  There  being  no  water 
to  furnish  oxygen  to  the  calcium,  or  hy¬ 
drogen  to  the  fluorine,  the  hydro-fluoric 
acid  cannot  be  produced. 

If  the  supposition  that  fluoric  acid  is 
a  compound  of  fluorine  and  hydrogen 
be  correct,  the  analysis  of  its  compounds 
proves  that  the  two  elements  are  com¬ 
bined  in  the  proportion  of 

1  equivalent  fluorine  -  18 

1  ditto  hydrogen  -  1 

and  that  its  number  must  be  1 9 
Fluosilicic  Acid.  ? 

(§  350.)  We  have  stated  above,  that 
fluoric  acid  acts  upon  glass  in  a  very 
energetic  manner  ;  during  this  action  it 
combines  with  the  silex,  of  which  it  is 
composed,  and  assumes  the  gaseous 
form.  This  gas  may  easily  be  produced 
by  pouring  upon  powdered  fluor  spar, 
mixed  with  half  its  weight  of  fine  sand 
or  glass,  an  equal  weight  of  strong  sul¬ 
phuric  acid.  It  may  be  collected  over 
mercury,  in  glass  jars,  upon  which  it 
will  no  longer  exercise  any  action.  100 
cubic  inches  of  it  weigh  110.78  grains: 
it  is  colourless,  and  it  affords,  upon  de¬ 
composition,  Gl  per  cent,  of  silex.  Its 
odour  is  penetrating,  and  its  taste  very 
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sour.  It  extinguishes  burning  bodies, 
and  produces  white  fumes  when  suffered 
to  escape  into  the  air. 

Water  absorbs  about  2G3  times  its 
volume  of  fluosilicic  gas,  and  the  solu¬ 
tion  may  be  kept  in  glass  vessels.  About 
17  per  cent,  of  the  silica  is  precipitated 
during  the  absorption.  The  gas  con¬ 
denses  twice  its  volume  of  ammonia,  and 
forms  with  it  a  dry  saline  compound. 
It  also  combines  with  other  bases. 
When  pure  potassium  is  burned  in  fluo¬ 
silicic  gas,  it  condenses  it,  and  a  brown 
substance  is  produced,  which,  after  being 
boiled  in  water  and  dried,  burns  in 
oxygen  gas.  From  the  residue  of  the 
combustion,  pure  silicon  may  be  ob¬ 
tained,  by  dissolving  out  some  silex  with 
which  it  is  mixed  by  fluoric  acid,  and 
washing  and  drying  the  remainder  upon 
a  filter.  This  is  the  process  to  which 
we  referred  when  treating  of  that  ele¬ 
ment.  (§  176.) 

Fluoboric  Acid.  ? 

(§  351.)  If,  instead  of  silex,  fluor  spar 
be  mixed  with  half  its  weight  of  vi¬ 
trified  boracic  acid  (§  184.),  and  12 
parts  of  strong  sulphuric  acid,  and  the 
mixture  be  gently  heated  in  a  glass  re¬ 
tort  ;  or  if  fluor  spar,  with  boracic  acid, 
be  exposed  to  a  strong  heat  in  an  iron 
tube,  a  gas  may  be  collected  in  abun¬ 
dance  over  mercury  which  exhibits  very 
peculiar  properties.  It  is  colourless,  but 
possesses  a  very^pungent  odour,  and  in¬ 
stantly  extinguishes  flame.  When  it 
escapes  into  the  air  it  occasions  a  dense 
white  cloud,  by  combining  with  the 
aqueous  vapour  with  which  it  is  mixed. 
100  cubic  inches  weigh  72  grains.  It  is 
rapidly  absorbed  by  water,  which  takes 
up  about  700  times  its  bulk;  heat  is 
given  out,  and  the  water  increases  in 
volume.  The  saturated  solution  is  per¬ 
fectly  limpid,  fumes  when  exposed  to 
the  air,  and  is  very  caustic.  It  acts 
with  all  the  intensity  of  sulphuric  acid 
upon  organized  substances,  blackening 
and  disintegrating  them.  It  has  no  ac¬ 
tion  upon  glass.  Potassium  heated  in 
fluoboric  acid  gas  separates  boron  from 
it  (§  181.)  in  the  form  of  an  insoluble 
powder.  It  forms  combinations  with 
ammonia  and  other  bases. 

It  is  probable  that  both  the  fluosilicic 
and  the  fluoboric  acids  are  binary  com¬ 
pounds  of  fluorine  ;  the  former  with  sili¬ 
con,  tire  latter  with  boron  ;  but  the  sub¬ 
ject  is  as  replete  with  difficulty  as  it  is 
with  intei-est ;  and  although,  in  the  pre¬ 
sent  state  of  science,  it  affords  one  of  the 
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most  promising  fields  of  investigation  to 
the  accomplished  chemist,  it  will  not 
advance  our  design  to  enlarge  upon  it 
on  the  present  occasion. 

Chapter  XII. 

On  the  Compounds  of  Cyanogen. 

(§  352.)  We  have  observed  ($  173.)  that 
the  carburet  of  nitrogen,  to  which  the 
name  of  cyanogen  has  likewise  been 
given,  possesses  the  remarkable  property 
of  combining  with  elementary  substances, 
in  a  manner  perfectly  analogous  to  that 
of  the  simple  gaseous  bodies :  the  mode 
of  this  combination  and  some  of  its  most 
interesting  results  we  shall  proceed  to 
examine. 

When  potassium  is  heated  in  cyanogen 
an  energetic  action  ensues,  the  metal 
burns,  and  a  saline  body,  the  cyanuret  of 
potassium,  is  generated.  It  also  forms 
similar  binary  combinations  with  the 
other  metals,  the  greater  part  of  which, 
however,  can  only  be  obtained  by  the 
interchanges  of  a  double  decomposition. 
They  are  also  perfectly  neutral  in  their 
characters.  (§  26.) 

Those  compounds,  however,  which 
cyanogen  forms  with  the  non-metallic 
elements  are  of  higher  importance  and 
interest,  inasmuch  as  they  are  of  an  acid 
or  electro-negative  quality,  and  are  ca¬ 
pable  of  entering  into  combination  with 
different  salifiable  bases. 

Cyanogen  and  Hydrogen. 

Hydrocyanic  or  Prussic  Acid.  27. 

(1  C.  26  +  1  H.  1.) 

(§  353.)  If  a  narrow  tube  be  filled  with 
fragments  of  the  saline  body  called  cya¬ 
nuret  of  mercury  (§  172.),  and  placed  in 
a  horizontal  position,  when  a  stream  of 
Sulphuretted  hydrogen  gas  is  passed 
through  it,  a  double  decomposition  en¬ 
sues  :  the  sulphur  of  the  gas  combines 
with  the  metal,  black  sulphuret  of  mer¬ 
cury  is  formed,  and  the  cyanogen  which 
is  liberated  enters  into  a  new  combina¬ 
tion  with  the  hydrogen.  The  product 
may  be  expelled  by  a  very  gentle  heat, 
and  collected  in  a  receiver  kept  cool  by 
ice.  A  similar  product  may  be  obtained 
by  moistening  the  cyanuret  of  mercury 
with  muriatic  acid,  and  distilling  at  a  low 
temperature.  The  hydrocyanic  acid  is 
a  colourless  liquid,  possessing  a  strong 
odour  resembling  that  of  peach-blos¬ 
soms.  In  its  pure  state  it  is  intensely 
poisonous,  and  a  single  drop  of  it  placed 
upon  the  tongue  of  a  dog  causes  almost 
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instant  death.  When  greatly  diluted 
with  water  it  has  the  taste  of  bitter 
almonds,  which,  in  fact,  owe  their  fla 
vour  to  a  small  portion  of  this  acid. 
Water  distilled  from  the  leaves  of  the 
laurel  also  derives  its  poisonous  quality 
from  the  presence  of  the  same  ingredient. 
The  vapour  of  the  pure  acid  takes  fire 
on  the  approach  of  flame,  and  when 
mixed  with  oxygen  gas  detonates  with 
the  electric  spark.  It  is  extremely  vola¬ 
tile,  and  boils  at  79°  Fah. ;  and  at  0°  it 
congeals.  When  a  drop  of  it  is  suffered 
to  fall  upon  a  piece  of  glass  it  becomes 
solid ;  the  cold  produced  by  its  rapid  eva¬ 
poration  being  sufficient  to  freeze  what  re¬ 
mains.  Hydrocyanic  acid  reddens  litmus 
paper  feebly,  and  forms  salts  with  the  dif¬ 
ferent  salifiable  bases.  Owing  to  the  ten¬ 
dency  of  its  component  elements  to  form 
other  arrangements,  it  is  very  liable  to 
spontaneous  decomposition,  and  it  is  not 
easy  to  preserve  it  from  change  even  out 
of  the  contact  of  the  air  in  well-stopped 
bottles.  The  diluted  acid  is  sometimes 
used  in  medicine.  If  a  quantity  of  po¬ 
tassium  sufficient  to  absorb  50  measures 
of  cyanogen  be  heated  in  100  measures 
of  the  vapour  of  hydrocyanic  acid, 
an  absorption  of  50  measures  takes 
place,  cyanuret  of  potassium  is  gene¬ 
rated,  and  50  measures  of  pure  hydro- 
gen'remain  ;  proving  that  it  is  composed 
of  equal  volumes  of  its  two  ingredients. 

Its  composition  is  therefore 

1  equivalent  cyanogen  26  =  1  ^  ca,^on 

J  °  \1  nitrogen  14 

1  equivalent  hydrogen  1 
and  its  combining  — ' 

proportion  -  -  27 

The  specific  gravity  of  the  vapour 
agrees  with  this  determination,  having 
been  found  to  be  the  mean  of  its  two 
ingredients. 

Cyanogen  and  Oxygen. 
Cyanous,  Fulminic,  and  Cyanic  Acids.? 

(§354.)  Much  uncertainty  still  exists 
with  regard  to  the  compounds  of  cyano¬ 
gen  with  oxygen,  and  they  are  rather 
objects  of  further  investigation  than  of 
elementary  instruction.  A  compound  of 
a  peculiar  acid,  into  the  composition  of 
which  oxygen  and  the  elements  of  cyano¬ 
gen  enter,  and  potash,  may  be  obtained  by 
the  following  means  :  expose  to  a  low  red 
heat  equal  weights  of  a  salt  called  the 
anhydrous  ferrocyanate  of  potash  and 
peroxide  of  manganese  :  pulverise  the 
resulting  mass  and  boil  it  with  pure 


alcohol.  On  cooling 'the  solution,  a 
salt  will  be  obtained  in  small  crystalline 
plates.  When  a  solution  of  this  salt  in 
water  is  merely  heated,  its  acid  is  de¬ 
composed,  and  carbonic  acid  and  am¬ 
monia  are  produced,  and  with  greater 
certainty  if  a  weak  acid  be  added  to  the 
solution  to  assist  in  disengaging  it  from 
the  potash.  The  result  of  an  analysis 
founded  on  this  property  is,  that  it  is 
composed  of 

1  equivalent  cyanogen  -  26 

1  ditto  oxygen  -  8 

34 

According  to  this  analysis,  the  most  ap¬ 
propriate  name  for  this  acid  would  be 
cyanous  acid.  It  may  be  transferred 
from  the  potash  by  double  decompo¬ 
sition  to  other  bases,  but,  owing  to  the 
easy  disunion  of  its  elements,  it  has  never 
been  obtained  in  an  insulated  state. 

(§  355.)  The  elements  of  the  same  acid 
united  (probably)  in  the  same  propor¬ 
tions,  but  further  necessarily  combined 
with  some  metallic  oxide,  (as  that  of 
silver  or  mercury,  and  the  nature  of 
which  appears  to  be  in  some  degree  in¬ 
different,)  constitute  another  acid  or  class 
of  acids,  to  which  the  name  of fulminic 
has  been  given.  This  acid,  like  the  pre¬ 
ceding,  has  never  been  obtained  in  a 
separate  state  ;  but  united,  besides  the 
metallic  oxide  which  constitutes  one  of 
its  ingredients,  with  a  further  proportion 
of  the  same  oxide,  or  some  other,  as  a 
base.  It  may  also  be  transferred  to 
different  bases  by  double  decomposition. 
All  the  fulminates  detonate  violently  by 
heat  or  percussion,  and  some  of  them 
with  the  slightest  friction.  Their  pro¬ 
perties  will  be  further  described  amongst 
the  saline  compounds. 

(§356.)  Another  acid  of  this  class  has 
lately  been  discovered,  in  which  cyano¬ 
gen  is  combined  with  a  second  equiva¬ 
lent  of  oxygen,  and  upon  which  the 
appellation  of  cyanic  add  may  with  pro¬ 
priety  be  conferred.  It  may  be  obtained 
by  the  action  of  hot  water  upon  the 
perchloride  of  cyanogen,  (a  substance 
presently  to  be  described) :  muriatic 
acid  and  cyanic  acid  result  from  double 
decomposition ;  the  former  of  which  may 
be  expelled  by  heat,  and  the  latter  ob¬ 
tained  in  a  separate  form.  It  may  even 
be  procured,  it  is  said,  in  the  form  of 
crystals  by  careful  evaporation.  It 
forms  a  distinct  class  of  salts  with  the 
different  salifiable  bases,  and  its  analysis 
has  shown  it  to  be  composed  of 
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1  equivalent  of  cyanogen  26 

2  ditto  oxygen  16 

making  its  number  -  -  42 

Cyanogen  and  Chlorine. 

Chlorocyanic  Acid. — 62. 

(1  Ch.  36  -f-  1  Cy.  26.) 

(§357.)  If  cyanuret  of  Mercury  (§  172.) 
be  mixed  with  just  sufficient  water  to 
reduce  it  to  a  semi-fluid  state,  and  ex¬ 
posed  to  the  action  of  gaseous  chlorine, 
in  the  course  of  a  few  hours  the  colour 
of  the  chlorine  will  disappear,  and  a  gas 
will  be  found  in  its  place  which  is  not 
absorbable  by  mercury,  but  instantly 
taken  up  by  water.  This  is  a  true 
cyanuret  of  chlorine  or  the  chlorocyanic 
acid.  One  portion  of  the  chlorine,  in 
this  process,  expels  the  cyanogen  from 
the  mercury,  and  forms  bichloride  of 
mercury,  while  another  portion  combines 
with  the  cyanogen,  and  forms  the  new 
compound.  It  possesses  the  remarkable 
property  of  crystallizing  by  a  tempera¬ 
ture  of  0°  Fah.  (which  may  at  any  time 
be  produced  by  mixing  together  pounded 
ice  and  common  salt,)  and  may  thus  be 
separated  from  portions  of  other  gases 
with  which  it  would  otherwise  be  liable 
to  be  contaminated.  It  becomes  liquid 
about  8°  or  10°  Fah.,  and  at  68°  its 
pressure  is  equal  to  four  atmospheres. 

It  constitutes  an  active  poison,  and  is 
very  caustic.  It  possesses  a  peculiar 
irritating  odour  ;  reddens  blue  vegetable 
colours,  and  does  not  explode  when  its 
vapour  is  mixed  either  with  oxygen  or 
hydrogen. 

The  constitution  of  chlorocyanic  acid 
is  probably 

1  equivalent  chlorine  -  36 

1  ditto  cyanogen  -  26 

62 

Perchloride  of  Cyanogen. — 98. 

(  2  Ch.  72  -j-  1  Cy.  26.) 

(§  358.)  By  pouring  about  15.5  grains 
of  pure  hydrocyanic  acid  (§  353.)  into 
a  bottle  containing  about  61  cubic  inches 
of  dry  chlorine,  closing  the  bottle  with 
a  stopper,  and  exposing  it  to  the  direct 
rays  of  the  sun,  the  hydrocyanic  acid  is 
volatilized,  and  after  a  few  hours  a  co¬ 
lourless  liquid  may  be  seen  on  the  inner 
surface,  which  gradually  thickens,  and 
finally  sets  into  a  white  substance,  mixed 
with  shining  crystals.  This  is  the  per¬ 


chloride  of  cyanogen.  When  dry  and 
pure  it  is  brilliantly  white,  and  may  be 
obtained  in  needles.  Its  vapour  affects 
the  eyes,  and,  after  keeping,  exhales  an 
odour  of  muriatic  acid.  It  fuses  at  140° 
Fah.,  and  boils  at  190°.  It  is  extremely 
poisonous  ;  and  is  sparingly  soluble  in 
cold  water,  and  decomposed  by  hot,  as 
we  have  already  explained.  (§  356.) 

Its  composition  has  been  ascertained 
to  be 

1  equivalent  cyanogen  -  26 

2  ditto  chlorine  -  72 

98 

Cyanogen  with  Iodine  and  Bro¬ 
mine. 

(§  359.)  Cyanogen  forms  binary  com¬ 
pounds  with  iodine  and  bromine,  analo¬ 
gous  to  the  chlorocyanic  acid,  and  whose 
properties  resemble  each  other  closely ; 
it  does  not,  however,  consist  with  our 
purpose  to  enter  upon  their  particular 
examination. 

Cyanogen  and  Sulphur. 

Sulphocyanic  Acid. 

(§  360.)  A  compound  of  cyanogen 
with  sulphur  may  be  obtained  by  the 
following  means  : — Mix  together  equal 
weights  of  ferrocyanate  of  potash,  (a 
salt  which  is  more  commonly  known  by 
the  name  of  prussiate  of  potash,)  and 
flowers  of  sulphur.  Melt  the  mixture 
in  a  flask,  by  a  gentle  heat,  and  keep  it 
melted  for  several  hours.  When  cold, 
reduce  the  mass  to  powder,  and  dissolve 
out  eveiy  thing  soluble  by  digestion  with 
water.  Filter  the  solution,  and  drop 
into  it  a  solution  of  potash,  as  long  as 
any  precipitate  occurs.  The  liquid  thus 
obtained  is  then  to  be  distilled  with  sul¬ 
phuric  acid.  An  acid  liquor  will  collect 
in  the  receiver,  which  is  the  sulpho¬ 
cyanic  acid.  It  is  transparent  and  nearly 
colourless,  possessing  only  a  slightly 
pink  hue.  Its  smell  is  pungent,  and  re¬ 
sembles  that  of  acetic  acid  (strong  vine¬ 
gar).  It  may  be  obtained  in  crystals, 
at  a  temperature  of  about  55°  Fah.,  and 
boils  at  217°.  When  thrown  into  a 
red-hot  platinum  crucible,  sulphur  is 
disengaged,  which  burns  with  a  blue 
flame.  If  brought  into  contact  with 
ignited  iron-turnings,  sulphuret  of  iron 
is  formed,  and  hydrocyanic  acid  and 
sulphuretted  hydrogen  are  disengaged. 
It  is  probable,  from  its  most  careful  ana¬ 
lysis,  that  it  is  a  triple  compound  of 
cyanogen  sulphur  and  hydrogen,  or 
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]  equivalent  of  cyanogen  -  20 
2  ditto  sulphur  -  32 

1  ditto  hydrogen  -  1 

and  that  its  number  is  -  -  59 

Thenecessary  existence,  however,  ofthe 
hydrogen  in  this  substance  is  at  present 
disputed. 

It  reddens  litmus  paper,  and  is  capa¬ 
ble  of  uniting  with  the  different  salifiable 
bases. 

Cyanogen  and  Iron. 

Ferrocyanic  Acid. 

(§  361.)  By  adding  the  pigment  called 
Prussian  blue  to  a  solution  of  barytes 
in  water,  till  it  ceases  to  be  discoloured, 
and  carefully  evaporating  the  solution, 
crystals  of  a  saline  body  may  be  obtain¬ 
ed,  which  is  called  the  ferrocyanate  of 
barytes.  If  to  a  solution  of  this  salt  in 
water,  sulphuric  acid  be  carefully  added 
till  it  ceases  to  form  any  precipitate,  the 
liquid  carefully  decanted  will  consist  of 
ferrocyanic  acid,  in  which  cyanogen  is 
united  with  iron,  and  most  probably  with 
hydrogen,  into  an  electro-negative  com¬ 
pound.  It  has  a  pale  yellow  tint,  pos¬ 
sesses  no  smell,  and  permanently  red¬ 
dens  litmus  paper.  It  is  decomposed  by 
a  gentle  heat,  or  by  exposure  to  a  strong 
light,  with  the  evolution  of  hydrocyanic 
acid ;  it  cannot  therefore  be  concentrated 
by  evaporation  or  distillation  in  the  com¬ 
mon  way.  The  same  acid  may  however 
be  obtained  in  crystals  by  the  following 
process  : — Dissolve  crystals  of  tarta¬ 
ric  acid  in  alcohol,  and  make  a  solu¬ 
tion  of  ferrocyanate  of  potash  in  as  little 
warm  water  as  possible,  in  the  propor¬ 
tion  of  50  grains  of  the  salt  to  58  of  the 
acid — mix  the  two  liquids.  An  inso¬ 
luble  precipitate  will  be  formed,  and 
ferrocyanic  acid  will  remain  in  so¬ 
lution  in  such  a  concentrated  state,  as 
to  furnish  yellow  cubic  crystals  by  spon¬ 
taneous  evaporation. 

That  the  iron  in  this  singular  com¬ 
pound  is  a  constituent  element  of  the 
acid,  and  does  not  act  the  part  of  a 
base,  is  proved  by  the  decomposition  of 
one  of  its  salts,  the  ferrocyanate  of 
soda,  by  the  electric  pile.  In  this  case, 
the  iron  passes  with  the  other  elements 
of  the  acid  to  the  positive  pole,  whereas, 
if  it  existed  as  a  base,  it  would  be  de¬ 
termined  to  the  negative  pole  with'  the 


soda.  In  confirmation  of  this  fact  it 
may  also  be  stated,  that  in  the  saline 
bodies  formed  by  this  acid  with  the  dif¬ 
ferent  salifiable  bases,  the  most  delicate 
tests  fail  to  detect  the  presence  of  the 
metal,  as  it  can  no  more  be  affected  by 
them  than  the  sulphur  can  be  indicated 
by  its  proper  tests  when  existing  in  the 
different  sulphates. 

From  the  best  analysis  it  is  probable 
that  the  ferrocyanic  acid  is  composed 
as  follows : — • 

12  equivalents 
cyanogen  52 
2  equivalents 
hydrogen  2 
1  equivalent 

1  equivalent  cya-  cyanogen  26 

nuret  of  iron  54=]  l  equivalent 
iron  .  .  28 


108  108 

The  subject,  however,  is  still  one  of 
controversy,  into  which  we  do  not  deem 
it  expedient  to  enter  at  present. 

Chapter  XIII. 

On  the  Hydroacids  and  their  Com¬ 
pounds  :  with  General  llemarks  on 
Salts. 

(§  362.)  It  now  remains  for  us,  in  pur¬ 
suance  of  our  plan,  to  examine  the  re¬ 
sults  of  chemical  affinity  between  the 
compound  electro-negative  and  electro¬ 
positive  bodies  which  we  have  found  to 
result  from  the  combination  of  the  non- 
metallic  and  metallic  elements  in  very 
simple  numbers  and  proportions ;  and 
to  describe  the  more  interesting  of  that 
numberless  class  of  bodies  formed  by  the 
union  of  acids  and  bases  to  which  the 
name  of  salts  has  been  given  (§  186). 
But  before  we  proceed  with  this  branch 
of  our  subject,  we  deem  it  expedient  to 
make  a  few  remarks  upon  a  common 
property  of  one  class  of  the  foregoing 
acid  compounds  which  may  be  distin¬ 
guished  from  the  general  group — we 
allude  to  those,  into  the  constitution  of 
which  hydrogen  enters  as  the  acidifying 
principle,  and  which  may  be  designated 
as  a  class,  by  the  name  of  Hydroacids *. 
The  following  table  will  recal  both  their 
names  and  composition. 


*  See  the  note  page  5 
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HYDROACIDS. 


Muriatic,  or  hydrochloric  acid 

Equivalent 

37 

Hydrobromic  acid  .... 

.  76 

Hydriodic  acid  . 

125 

Hydrofluoric  acid  .... 

.  19 

Sulphuretted  hydrogen  .  . 

17 

Bisulphuretted  hydrogen 

.  33 

Hydrocyanic  acid  .  .  .  . 

27 

Sulphocyanic  acid  .... 

.  59 

Ferrocyanic  acid . 

108 

It  will  be  observed,  that  the  radicles 
of  these  acids  (a  term  equivalent  to 
Base,  but  which  is  only  applied  to  the 
acids:  chlorine  being  the  simple  radicle 
of  the  muriatic  acid,  and  cyanogen  and 
iron  the  compound  radicle  of  the  ferro- 
cyanic  acid)  are  united  with  one  equiva¬ 
lent  of  hydrogen,  except  in  the  last  in¬ 
stance,  which  probably  contains  two 
equivalents.  Now  we  have  seen  that 
three  of  these  bodies,  muriatic  acid, 
hydriodic  acid,  and  sulphuretted  hydro¬ 
gen  unite  with  ammonia,  and  form  dis¬ 
tinct  salts  (§§  189.  190.  193.)  and  all 
the  others  are  capable  of  the  same 
union,  and  form  analogous  saline  com¬ 
pounds  with  the  volatile  alkali ;  but, 
when  brought  to  act  upon  any  of  the 
bases  which  contain  oxygen,  a  different 
series  of  phenomena  takes  place :  they 
generally  combine  in  exactly  such  pro¬ 
portions,  as  that  the  hydrogen  which  they 
contain  may  be  sufficient  to  form  water 
with  the  oxygen  of  the  oxide.  Thus, 
one  equivalent  of  the  protoxide  of  mer¬ 
cury  will  be  taken  up  by  one  equivalent 
of  muriatic  acid;  but  one  equivalent 
of  the  peroxide  requires  two  equivalents 
of  the  same  acid  for  its  solution.  Ex¬ 
periment  proves  that,  in  such  cases, 
water  actually  is  produced,  and  the 
metal  forms  a  binary  combination  with 
the  radicle.  Thus,  when  we  oblige  dry 
muriatic  acid  to  act  upon  potash  or  ba¬ 
rytes,  water  is  produced,  and  the  result¬ 
ing  compound  is  precisely  the  same  as 
when  we  directly  combine  potassium  or 
barium  with  chlorine.  Again,  we  have 
seen  that,  by  burning  sodium  in  chlo¬ 
rine  (§  321.),  we  obtain  the  well-known 
substance,  common  salt,  which  is  a 
chloride  of  sodium:  by  neutralizing 
muriatic  acid  with  soda,  we  obtain 
exactly  the  same  product.  While  in  so¬ 
lution,  there  is  nothing  to  prevent  our 
considering  this  as  a  true  salt,  or  a  mu¬ 
riate  of  soda:  but  when  we  oblige  it  to 
assume  the  solid  form  by  the  evapora¬ 
tion  of  its  water,  we  know  that  it  con- 


Equivalent.  Equivalent. 

1  Chlorine  + 1  Hydrogen. 

1  Bromine  +  1  Hydrogen. 

1  Iodine  + 1  Hydrogen. 

1  Fluorine  + 1  Hydrogen. 

1  Sulphur  +1  Hydrogen. 

2  Sulphur  +1  Hydrogen. 

1  Cyanogen+ 1  Hydrogen. 

1  Cyanogen+2  Sulphur+ 1  Hydrogen? 

3  Cyanogen-1- 1  Iron  +  2  Hydrogen? 

tains  neither  oxygen  nor  hydrogen,  and 
that  it  is  a  chloride  of  sodium.  The 
converse  of  this  proposition  is  also  true, 
that  any  chloride  dissolved  in  water  may 
be  regarded  as  the  solution  of  the  cor¬ 
responding  muriate,  and,  in  some  in¬ 
stances,  we  have  demonstrative  evi¬ 
dence  that  muriatic  acid  and  an  oxide 
are  formed  by  the  action  of  water  upon 
a  chloride.  Thus,  when  chloride  of 
antimony  (§  262.)  is  thrown  into  water, 
muriatic  acid  is  produced,  and  a  hy¬ 
drated  protoxide  of  mercury  precipi¬ 
tated  ;  as  muriatic  and  sulphurous  acids 
are  generated  by  acting  upon  the  chlo¬ 
ride  of  sulphur  by  the  same  fluid  (§  126.). 
Nothing,  on  the  other  hand,  prevents 
our  conceiving  the  proper  solution  of  a 
chloride,  or  of  an  iodide,  in  water,  or 
obliges  us  to  consider  its  nature  altered 
by  such  solution.  There  is,  it  is  true, 
something  perplexing  in  the  endeavour 
to  follow  this  subject  to  its  furthest  con¬ 
sequences,  but,  after  all,  the  difficulty 
is  theoretical  only,  and  it  is  perfectly 
indifferent  whether  we  consider  such 
compounds  as  chlorides  or  muriates, 
bromides  or  hydrobromates,  cyanurets 
or  hydroeyanates,  &c.  of  the  metals 
and  their  respective  oxides  ;  it  being 
understood  that  these  are  only  different 
ways  of  expressing  the  same  phenomena. 
The  least  ambiguous  examples  of  muri¬ 
ates  of  oxidated  bases  would  seem  to  be 
those  in  which  the  compound,  in  crys¬ 
tallizing  from  its  solution,  carries  with  it 
a  definite  proportion  of  water,  as  water 
of  crystallization:  thus,  muriatic  acid 
will  dissolve  both  the  oxides  of  barium 
or  strontium,  and  will  afford  crystals 
which  differ  from  the  respective  chlo¬ 
rides  by  the  water  which  they  contain : 
these  may,  perhaps,  be  most  properly 
called  muriates ;  but,  at  the  same  time, 
it  must  be  confessed  that  there  is  no 
very  good  reason  for  affirming,  that  the 
chlorides  may  not  afford  crystalline 
combinations,  as  such,  with  water. 
Without  giving  too  much  importance 
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to  these  distinctions,  we  shall  employ 
this  double  nomenclature,  appropriate 
to  the  class  of  hydroacids,  indifferently, 
as  circumstances  or  facilities  of  explana¬ 
tion  may  seem  to  require.  The  different 
properties  of  the  compounds  depend 
solely  upon  the  presence  of  the  radicle, 
and  are  not  affected  by  the  elements  of 
the  water,  in  whatever  way  we  imagine 
them  to  be  combined ;  and  we  shall  pro¬ 
ceed  to  describe  such  of  them  as  have 
not  previously  been  examined  with  the 
binary  compounds  under  the  heads  of 
their  respective  acids,  in  the  general  ar¬ 
rangement  which  we  shall  adopt  of  the 
saline  bodies. 

(§  363.)  We  have  before  alluded  gene¬ 
rally  to  the  mutual  neutralization  of 
acids  and  alkalies  ($  24.),  and  have  ex¬ 
plained  the  nature  of  salts,  and  the  prin¬ 
ciples  of  the  nomenclature  by  which 
they  are  distinguished  ($§  186. 196. 198.). 
It  will  be  expedient  to  extend  our  gene¬ 
ral  remarks  upon  this  class  of  com¬ 
pounds  previously  to  entering  upon  their 
individual  characters. 

It  is  a  common  mode  of  expression 
to  speak  of  the  solution  of  a  metal  in  an 
acid  ;  but  without  explanation  this  may 
be  liable  to  misconception.  No  metallic 
body,  as  such,  can  be  dissolved  by  an 
oax/acid :  the  action  of  the  solvent  is, 
first,  to  convert  the  simple  element  to 
an  oxide,  either  by  the  decomposition  of 
part  of  ihe  acid  itself,  or  of  the  water 
with  which  it  is  combined,  and  the  sali¬ 
fiable  base,  thus  formed,  is  afterwards 
taken  up.  This  is  even  true  of  the 
hydro  acids,  whichever  of  the  preceding 
views  we  may  take  of  their  combina¬ 
tion  ;  if  we  suppose  that  their  radicles 
combine  directly  with  the  metals,  it  is 
still  necessary  that  oxygen  should  be 
present  to  abstract  their  hydrogen  :  but 
if  we  imagine  them  to  combine  as  acids, 
they  can  only  unite  with  oxides.  In 
some  instances,  indeed,  the  hydrogen  of 
the  acid  itself  is  thrown  off,  but  then  the 
product  is  an  undoubted  binary  com¬ 
pound,  as  chloride,  iodide,  &c.  ($  111.) 

(§  364.)  In  treating  of  the  salts,  it  will 
facilitate  our  description  to  distinguish 
their  physical  from  their  chemical  pro¬ 
perties  ;  by  the  former  we  understand 
the  form,  the  colour,  the  taste,  the 
smell,  the  density,  fusibility,  volatility, 
&c. ;  in  the  latter,  we  include  the  action 
of  solvents,  such  as  water,  alcohol,  and 
acids,  and  the  effects  of  the  various 
simple  and  compound  bodies,  as  re¬ 
agents.  Some  salts  decrepitate  when 
exposed  to  heat,  that  is  to  say,  they  fly 


in  pieces  with  a  crackling  noise,  as 
common  salt  when  thrown  into  the  fire. 
This  is  owing  to  particles  of  water  me¬ 
chanically  entangled  in  the  act  of  crys¬ 
tallization,  and  which  suddenly  assumes 
an  elastic  form.  Those  salts  which  con¬ 
tain  water,  chemically  combined,  seldom 
decrepitate. 

Some  retain  their  water  of  crystalliza¬ 
tion  by  such  a  feeble  affinity,  that  at¬ 
mospheric  temperatures  are  sufficient  to 
expel  it  in  a  dry  atmosphere.  Their 
crystals  then  fall  into  a  powder,  and  are 
said  to  effloresce.  Others  have  such  a 
strong  attraction  for  water,  that  they 
absorb  the  aqueous  vapour  from  the  air 
and  melt  into  solution,  or  deliquesce. 

Many  anhydrous  salts  may  be  melted 
by  the  application  of  strong  heat  without 
undergoing  any  decomposition ;  and  this 
phenomenon  is  designated  by  the  term 
igneous  fusion ;  and  many  which  con¬ 
tain  water  of  crystallization,  when  ex¬ 
posed  to  an  increased  temperature,  dis¬ 
solve  in  that  water :  and  this  is  called 
aqueous  fusion.  A  salt  may  first  undergo 
aqueous  fusion,  have  its  water  all  ex¬ 
pelled  by  heat,  and  then  become  fluid 
under  the  igneous  fusion.  The  action 
of  water  upon  salts  is  of  the  utmost  im¬ 
portance,  as  it  includes  the  phenomena 
of  solution  and  crystallization.  The  sol¬ 
vent  power  of  this  fluid  is  in  general  in 
proportion  to  its  temperature ;  but  there 
are,  nevertheless,  some  exceptions  to 
this  general  rule,  as  common  salt,  which 
is  equally  soluble  in  hot  and  in  cold 
water.  Some  salts  are  wholly  insoluble 
in  water,  as  the  sulphate  of  barytes  ; 
while  others  deliquesce  so  rapidly  as 
scarcely  to  be  preserved  separate  from 
it,  as  the  muriate  of  lime.  Alcohol  is 
a  solvent  which  acts  upon  a  limited 
number  of  salts  ;  but  scarcely  can  be 
said  to  dissolve  any  but  the  deliquescent. 
From  this  property,  it  is  often  used  to 
separate  salts  which  are  mingled  toge¬ 
ther  ;  acids,  also,  sometimes  act  merely 
as  solvents,  without  producing  any 
change  in  the  constitution  of  the  salt : 
thus,  phosphate  of  lime,  which  is  inso¬ 
luble  in  water  in  any  appreciable  quan¬ 
tity,  is  readily  taken  up  by  muriatic  or 
sulphuric  acid. 

(§  365.)  In  general,  however,  when, 
upon  a  salt  or  a  compound  of  an  acid 
with  a  base,  we  pour  another  acid,  the 
base  must  be  considered  as  divided  be¬ 
tween  the  two.  For  example,  suppose 
we  take  chloride  of  sodium,  which,  when 
dissolved  in  water,  as  we  have  seen, 
may  be  considered  as  muriate  of  soda, 
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and  pour  upon  it  some  sulphuric  acid, 
we  shall  have  two  acids,  Ihe  muriatic 
and  the  sulphuric,  which  will  divide  the 
soda  between  them.  The  acid  which  we 
add  being  in  excess,  part  of  the  other  acid 
will  be  set  free  ;  and  if  it  should  be  of  a 
volatile  nature,  will  escape;  but  if  fixed, 
it  will  remain,  and  while  it  remains,  it  is 
easy  to  conceive  that  it  will  exert,  its  at¬ 
traction  upon  the  base.  So  that  the  latter 
may  be  considered  as  divided  between 
the  two  acids  ;  each  of  the  acids  oppos¬ 
ing  the  action  of  the  other.  Now,  there 
are  many  acids  which  are  not  volatile, 
and  there  are  some  which,  although  vola¬ 
tile,  may  be  considered  as  fixed  at  com¬ 
mon  temperatures,  because  they  are  al¬ 
ways  combined  with  water ;  and,  when¬ 
ever  an  acid  is  retained  in  a  liquid  so  as 
not  to  escape  into  the  atmosphere,  it  may 
be  considered  as  fixed.  In  the  example  to 
which  we  have  referred  above,  the  muri¬ 
atic  acid  which  we  have  disengaged  will 
fly  off,  because  it  is  gaseous,  unless  we 
have  previously  dissolved  the  salt ;  but 
if  we  have  taken  this  precaution,  the 
muriatic  acid  gas  will  remain  dissolved 
in  the  water,  and  should  be  considered 
as  fixed.  The  sulphuric  acid  acts  in 
the  same  manner  in  both  cases  ;  but  in 
the  latter,  the  decomposition  will  be  less 
complete,  because  the  two  acids  oppose 
each  other :  while  in  the  former,  the 
muriatic  acid  escaping,  there  is  nothing 
to  check  the  .action  of  the  sulphuric. 
Hence,  we  may  conceive,  that  the  affinity 
of  the  acids  for  the  bases  depends 
greatly  upon  their  fixity,  and  that,  under 
particular  circumstances,  a  volatile  acid 
maybe  considered  fixed.  In  the  expe¬ 
riment  above,  where  the  muriatic  acid 
is  retained  by  the  water,  if  the  solution 
be  heated,  the  acid  will  be  volatilized 
in  conjunction  with  the  water,  and  the 
sulphuric  acid  will  regain  the  ascendancy 
and  totally  displace  the  muriatic.  It  is 
usual  to  explain  this  process  by  sup¬ 
posing  that  the  muriatic  acid  has  less 
affinity  for  the  soda  than  the  sulphuric, 
but  it  probably  depends  entirely  upon 
the  volatility  of  the  former,  at  the 
temperature  at  which  it  is  conducted. 

Analogous  phenomena  attend  the  pre¬ 
sence  of  different  bases  with  an  acid.  If 
we  take  a  salt  in  solution,  and  add  an¬ 
other  base,  the  acid  will  be  divided  be¬ 
tween  the  two  bases.  Let  us  take  chlo¬ 
ride  of  barium  for  example :  if  we  add  to 
it  caustic  potash,  the  chlorine  will  be 
shared  between  the  barium  and  the  po¬ 
tassium  :  if  one  of  these  bases  be  less 
soluble  than  the  other,  a  portion  will  be 
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set  at  liberty  and  precipitated  ;  but  if, 
before  making  the  experiment,  the  solu¬ 
tion  of  the  chloride  be  greatly  diluted, 
there  will  be  no  precipitate,  because  the 
whole  will  remain  in  solution. 

Both  these  phenomena  are  of  the 
same  nature;  the  least  soluble  base  cor¬ 
responds  to  the  volatile  acid,  and  the  pre¬ 
cipitate  to  the  disengagement  of  the  gas. 
In  one  and  the  other  case,  a  sufficient 
quantity  of  water  can  retain  both  bodies. 
Hence  we  may  conclude,  that  when 
we  pour  a  base  into  the  solution  of  a  salt, 
it  will  be  that  base  which  has  least  affi¬ 
nity  for  water,  which  will  be  disengaged. 
Thus,  we  shall  find,  that  the  soluble  salts 
of  lime  are  precipitated  by  barytes  and 
strontian,  and  these  again  by  potash  and 
soda.  The  two  bases  divide  the  acid 
between  them,  when  no  disengagement 
or  precipitate  takes  place.  Again,  when 
we  mix  together  two  different  salts  in 
solution,  if  by  a  mutual  exchange  of 
their  acids  and  bases  a  salt  can  be  formed 
of  less  solubility  than  those  originally 
selected,  double  decomposition  will  cer¬ 
tainly  take  place,  and  the  less  soluble 
salt  will  be  precipitated,  unless  there 
should  be  sufficient  of  the  liquid  present 
to  take  it  up.  Hence  we  infer,  that  inso¬ 
lubility  may  determine  the  mutual  de¬ 
composition  and  precipitation  of  salts. 
When  solutions  of  sulphate  of  soda  and 
nitrate  of  lime  are  mixed  together,  we 
may  conceive  that  either  acid  would 
combine  indifferently  with  either  base ; 
but  sulphate  of  lime  is  formed,  because, 
although  a  small  quantity  may  at  first 
be  taken  up  by  the  water,  it  is  insoluble 
in  any  considerable  proportion  in  that 
liquid.  It  is  thus  that  many  cases  of 
double  elective  affinity  (§  26.)  may  be 
explained,  and  if  we  are  well  acquainted 
with  the  relative  solubility  of  the  different 
salts,  or  their  relative  attraction  for 
water,  we  may  always  anticipate  the 
decompositions  which  will  follow  upon 
mixing  their  solutions.  These  pheno¬ 
mena  are  in  strict  accordance  with  the 
general  principles  which  we  expounded 
when  speaking  of  the  modifications  which 
chemical  affinity  undergoes  from  the  in¬ 
fluence  of  cohesion,  elasticity,  and  solu¬ 
tion  (§§  28.29.  31.).  We  shall  avail 
ourselves  in  the  sequel  of  opportunities 
of  exemplifying  the  subject  in  detail. 

($  366.)  The  salts  may,  without  a 
figure  of  speech,  be  said  to  be  numberless ; 
and,  of  course,  vary  greatly  in  importance, 
both  with  regard  to  their  application,  to 
the  arts  of  life,  and  to  the  instruction 
which  may  be  derived  from  their  study 
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It  is  necessary  for  convenience,  to  divide 
them  into  groupes,  and  they  may  be  ar¬ 
ranged  either  in  the  order  of  the  acids 
or  in  that  of  the  bases.  By  the  former 
method,  all  the  salts  which  contain 
sulphuric  acid  would  be  classed  together; 
by  the  latter,  all  those  which  contain 
potash,  &c.  We  shall,  for  the  present, 
adopt  the  first  arrangement,  and  com¬ 
mence  our  examination  with  the  general 
character  of  each  groupe,  and  then  pro¬ 
ceed  to  the  particulars  of  such  individual 
salts  as  we  may  think  it  conducive  to 
our  purpose  to  describe. 

Chapter  XIY. 

On  the  Nitrates  and  Hyponitrites. 

(§  367.)  The  combinations  of  the  nitric 
acid  (§  71.)  with  different  bases,  consti¬ 
tute  a  class  of  salts  most  important  to 
the  arts.  When  exposed  to  heat  they 
are  all  decomposed,  and  the  products  are 
very  various  according  to  the  nature  of 
the  base.  If  the  attraction  of  the  acid 
for  the  latter  is  but  slight,  it  is  given 
off  without  decomposition;  but  when 
stronger  it  is  decomposed,  and  deutoxide 
of  nitrogen,  nitrogen,  and  oxygen,  are 
evolved,  according  to  circumstances. 
The  different  simple  combustibles  act 
variously,  but  with  great  energy  upon 
the  nitrates.  At  common  temperatures 
they  produce  no  effect,  but  when  heated 
together  different  acids  and  oxides  are 
formed.  The  nitric  acid  easily  gives  up 
its  oxygen,  which  unites  with  the  body 
thus  presented  to  it.  If  we  select  nitrate 
of  potash  as  an  example,  we  shall  find 
that  with  carbon  it  forms  carbonic  acid, 
and  carbonate  of  potash  will  be  the 
result ;  with  phosphorus,  phosphate  of 
potash  will  be  produced ;  and  with 
arsenic,  arseniate  of  potash.  When  the 
fixed  acids  are  poured  upon  the  nitrates 
they  are  decomposed,  and  nitric  acid 
given  off,  and  it  is  thus  lhat  nitric  acid 
is  procured  for  commerce,  by  distilling  ni¬ 
trate  of  potash  with  sulphuric  acid  (§  72.). 

The  alteration  which  muriatic  acid 
undergoes  when  brought  in  contact  with 
the  nitrates  affords  one  of  their  most  dis¬ 
tinctive  characters.  In  seeking  to  de¬ 
termine  the  nature  of  an  unknown  salt, 
if  we  mix  it  with  a  little  muriatic  acid 
and  chlorine  is  given  off  in  abundance, 
we  may  conclude  that  it  is  a  nitrate. 
The  hydrogen  of  the  muriatic  acid  com¬ 
bines  with  the  oxygen  of  the  nitric  acid, 
and  both  chlorine  and  coloured  vapours 
of  nitrous  acid  are  disengaged.  All  the 
nitrates  are  soluble  in  water. 


Nitrate  of  Potash. — 102. 

(1  N.  54  +  1  P.  48.) 

(§  368.)  Nitrate  of  potash  or  nitre 
may  be  directly  formed  by  neutralizing 
nitric  acid  with  potash.  It  is  composed 
of  one  equivalent  of  each  of  its  ingre¬ 
dients.  It  crystallizes,  in  general,  in  six- 
sided  prisms  with  striated  surfaces;  100 
parts  of  water  at  32° dissolve  13.2  parts 
of  the  salt,  but  at  212°  will  take  up 
246 . 1 5  parts.  It  undergoes  igneous 
fusion  and  becomes  as  liquid  as  water 
at  a  low  red  heat ;  it  is  sometimes  cast 
into  moulds  and  called  sal  prunella.  At 
a  white  heat  it  is  decomposed,  and  its 
acid  resolved  into  nitrogen  and  oxygen. 
It  undergoes  no  alteration  in  the  air, 
but  attracts  moisture  in  a  saturated  at¬ 
mosphere.  Its  taste  is  saline  and  cool¬ 
ing.  The  action  of  carbon  upon  nitre  is 
very  energetic,  as  may  be  seen  by  throw¬ 
ing  a  little  upon  lighted  coals.  The  spots 
upon  which  it  falls  become  instantly 
white  hot.  When  a  combustible  body  is 
mixed  with  nitre  and  gradually  thrown 
into  a  heated  crucible  the  process  is  called 
deflagration ;  it  is  employed  when  it  is 
wished  to  unite  different  substances  with 
oxygen.  Sulphur  treated  in  this  way 
affords  various  products  according  to 
the  proportion  with  which  it  is  mixed. 
Equal  parts  of  the  two  give  rise  to  the 
formation  of  sulphate  of  potash,  and 
oxygen  is  given  off;  two  parts  of  sulphur 
and  one  of  nitre  occasion  the  formation 
of  sulphurous  acid  in  abundance ;  two 
parts  of  phosphorus  and  one  of  nitre 
yield  a  product  of  both  phosphoric  and 
phosphorous  acids.  All  the  metals  may 
be  oxygenated  in  this  way,  except  gold, 
silver,  platinum,  and  those  rare  sub¬ 
stances  which  are  found  associated  with 
the  latter. 

A  mixture  of  three  parts  of  nitre,  two 
of  carbonate  of  potash,  and  one  of  sul¬ 
phur  in  powder,  forms  the  fulminating 
powder  which  explodes  with  a  loud 
noise  when  laid  upon  a  metal  plate 
heated  below  redness. 

A  mixture  of  five  parts  of  nitre,  one 
part  of  sulphur,  ancl  one  of  charcoal, 
finely  powdered  and  very  accurately 
blended,  compose  gunpowder.  Great 
attention  is  paid  in  the  manufacture  of 
this  important  article  to  the  purity  of 
the  ingredients :  they  are  mixed  together 
with  great  caution  and  pounded  with 
wooden  pestles  with  a  sufficient  quantity 
of  water  to  prevent  explosions.  The 
mixture  is  granulated  by  passing  through 
sieves,  and  carefully  dried. 


CHEMISTRY. 


91 


Nitre  isfound  readyformed  in  nature ; 
and  particularly  in  certain  countries  of 
the  east  in  a  kind  of  efflorescence  upon 
the  ground  after  the  rains.  It  also  forms 
upon  old  walls  and  buildings,  and  gene¬ 
rally  in  places  where  saline  bases,  such 
as  lime,  potash,  or  soda  abound,  and 
come  in  contact  with  decayed  animal 
substances.  In  France  and  Germany 
it  is  artificially  produced  by  forming  beds 
of  such  matters,  but  the  consumption 
of  this  country  is  chiefly  supplied  from 
the  East  Indies. 

Nitrate  of  Soda. — 86.  ? 

(1  N.  54+1  S.  32.) 

(§  3G9.)  When  nitric  acid  is  saturated 
with  soda,  instead  of  potash,  the  product 
shoots  into  crystals  of  nearly  a  cubic 
form,  instead  of  six-sided  prisms.  Their 
taste  resembles  that  of  nitre,  but  is 
more  pungent. 

The  nitrate  of  soda  is  more  soluble  in 
cold  water  than  the  nitrate  of  potash, 
100  parts  of  water  at  32°  taking  up  73 
parts;  but  boiling  water  does  not  dis¬ 
solve  more  than  173  parts.  The  results 
of  the  decomposition  of  the  two  salts 
are  nearly  alike.  The  former  is  more  de¬ 
liquescent  than  the  latter,  and  therefore 
not  so  well  adapted  to  the  manufacture 
of  gunpowder,  but  it  is  sometimes 
used,  as  more  economical,  in  the  forma¬ 
tion  of  fire-works.  It  is  but  little  em¬ 
ployed  in  the  arts. 

Nitrate  of  Ammonia. 

(1  N.  54  +  1  A.  17  +  1  W.  9.) 

(§  370.)  The  composition  and  chief  pro¬ 
perties  of  nitrate  of  ammonia  have  been 
described  when  treating  of  the  ammo- 
niacal  salts  (§§  80.  188.).  We  shall  only 
now  allude  to  the  great  cold  produced 
by  the  solution  of  its  crystals  in  water. 
Water,  at  55°  Fah.,  upon  being  satu¬ 
rated  with  this  salt,  will  have  its  tem¬ 
perature  reduced  to  9°,  a  reduction  of  46 
degrees.  But  what  is  most  remarkable, 
if  a  solution  at  9°  be  mixed  with  w'ater 
at.  55°,  there  will  be  a  further  production 
of  9°  of  cold,  and  the  mean  density  of 
the  two  fluids  will  be  greater  after  the 
mixture  than  before,  affording  an  ex¬ 
ample  of  a  reduction  of  temperature  by 
condensation,  which  is  an  exception  to 
the  general  law. 

Nitrate  of  Barytes. — 132.  ? 

(1  N.  54  +  1  B.  78.) 

(§  371.)  The  nitrate  of  barytes  may  be 
preparedly  dissolving  the  carbonate  of 
barytes  ifcSnitric  acid  diluted  with  8  or 


10  parts  of  water.  100  parts  of  water, 
at  32°,  will  only  dissolve  5  parts  of  this 
salt,  but  of  boiling  water  35  parts.  It 
is  perfectly  insoluble  in  alcohol  and  nitric 
acid :  if,  therefore,  we  pour  concentrated 
nitric  acid  upon  carbonate  of  barytes,  it 
will  not  be  taken  up,  as  the  nitrate  first 
formed  cannot  be  dissolved.  If  strong 
nitric  acid  be  poured  into  a  solution  of 
the  salt  in  water,  it  will  be  precipitated. 
N  itrate  of  barytes  decrepitates  by  heat, 
and  is  decomposed  into  nitrous  acid 
and  oxygen.  When  the  nitrate  is  wholly 
decomposed  the  peroxide  of  barium  is 
produced,  which,  however,  is  not  quite 
so  pure  as  when  formed  by  passing  oxy¬ 
gen  over  ignited  barytes  (§  330.). 

Nitrate  of  Lime. — 82. 

(1  N.  54  +  1  L.  28.) 

(§  372.)  Nitrate  of  lime  is  composed 
of  one  equivalent  of  nitric  acid  and  one 
of  lime.  It  forms  crystals  resembling 
bundles  of  needles  diverging  from  a 
common  centre.  It  rapidly  dissolves  in 
water,  and  is  deliquescent.  Alcohol 
also  takes  it  up  in  abundance,  and  it  may 
thus  be  separated  from  nitre,  with  which 
it  is  generally  found  mixed  as  a  native 
production.  It  is  very  readily  decom¬ 
posed  by  heat,  and  yields  nitrous  acid 
in  great  quantities.  The  crystals  con¬ 
tain  a  considerable  quantity  of  w'ater  of 
crystallization,  the  amount  of  which  has 
not  been  ascertained.  When  nitrate  of 
lime  has  been  kept  fused  for  about  ten 
minutes  in  a  crucible,  and  then  poured 
into  an  iron  vessel  previously  heated, 
the  congregated  mass  broken  in  pieces 
and  exposed  in  a  well-stopped  bottle  to 
the  light  of  the  sun  for  a  few  hours,  will 
emit  in  the  dark  a  beautiful  white 
light.  This  preparation  has  been  called 
Baldwin’s  phosphorus. 

Nitrate  of  Copper. — 188. 

(2N.  108  +  1  C.  80.) 

(§  373.)  CopPERreadilydissolves  in  nitric 
acid  diluted  with  two  or  three  parts  of 
w'ater  to  temper  its  action,  which  other¬ 
wise  w'ould  be  violent  and  dangerous. 
The  metal  becomes  oxidated  at  the  ex¬ 
pense  of  a  portion  of  the  acid,  deutoxide 
of  nitrogen  is  given  offin  abundance,  and 
the  peroxide  is  dissolved  by  the  remain¬ 
der  (§  363.).  Tw'o  equivalents  of  the 
acid  thus  combine  with  one  of  the  oxide, 
and  a  large  proportion  of  water,  amount¬ 
ing  to  14  equivalents.  It  ought  strictly 
to  be  called  the  binitrate  of  copper.  It 
forms  crystals  of  a  splendid  blue  colour, 
but  the  anhydrous  salt  is  white.  When 
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these  crystals  are  coarsely  pounded, 
sprinkled  with  a  little  wafer,  and  quickly 
rolled  up  in  tin-foil,  there  is  much  heat  pro¬ 
duced,  nitrous  gas  is  rapidly  evolved,  and 
the  metal  generally  takes  fire.  The  salt  is 
caustic,  and  corrodes  the  skin ;  its  taste 
insupportably  styptic.  It  is  very  soluble 
in  water,  and  is  even  taken  up  by  alcohol. 
By  adding  a  small  portion  of  potash  or 
ammonia  to  its  solution,  or  by  greatly 
heating  the  dry  salt,  a  subnitrate  of 
copper  is  formed  in  which  the  acid  exists 
in  much  smaller  proportion  to  the  acid. 
By  heating  the  nitrate  to  redness,  pure 
peroxide  of  copper  may  be  obtained. 

Nitrate  of  Lead. — 166. 

(1  N.  54  +  1  L.  112.) 

(§  374.)  Nitric  acid  a  little  diluted 
dissolves  lead  w'ith  the  extrication  of 
deutoxide  of  nitrogen,  or  the  same  salt 
may  be  formed  by  digesting  litharge 
(§  232.)  in  the  diluted  acid.  It  crystal¬ 
lizes  in  white,  opaque  oclohedrons  which 
contain  no  water  of  crystallization.  Their 
taste  is  sweet,  like  that  of  all  the  salts  of 
lead.  They  are  composed  of  one  equi¬ 
valent  of  both  acid  and  base.  The  ni¬ 
trate  of  lead  is  not  very  soluble,  as  100 
parts  of  cold  water  will  only  take  up 
about  13  parts  of  the  salt.  When  ex¬ 
posed  to  heat  it  decrepitates,  then  melts 
and  gives  off  nitrous  acid  and  oxygen. 
When  distilled  from  a  glass  retort,  the 
product  condensed  in  a  receiver,  kept 
cool  for  the  purpose,  is  a  yellow  liquid, 
which  is  said  to  be  pure  anhydrous  ni¬ 
trous  acid  (§  69.). 

A  solution  of  nitrate  of  lead  may  be 
partially  decomposed  by  ammonia,  so  as 
to  form  several  subnitrates.  On  adding 
a  very  small  quantity  of  the  alkali  a  sub¬ 
nitrate  is  formed,  composed  of  1  equiva¬ 
lent  of  acid,  and  2  of  the  base  ;  a  little 
more  produces  a  compound  of  1  equiva¬ 
lent  of  acid  and  .3  of  base,  and  an  excess 
of  ammonia  precipitates  a  salt  composed 
of  1  of  acid  and  6  of  base. 

Protonitrate  of  Mercury. — 262. 

(1  N. 54+ 1  M.  208.) 

(§  375.)  It  will  be  recollected  that 
mercury  forms  two  oxides,  which  con¬ 
stitute  salifiable  bases  (§  203.) :  the 
nitric  acid  is  capable  of  combining  with 
both. 

(§376.)  The  chemical  nomenclature 
distinguishes  such  salts  by  transferring  to 
the  acid  the  Greek  numeral,  or  preposi¬ 
tion,  which  is  used  to  designate  the  oxide 
(§  55.).  Thus  the  salt  which  the  nitric 


acid  forms  with  the  yiroi-oxide  of  mer¬ 
cury,  is  called  the  joro/o-nitrate  of  mer¬ 
cury  ;  while  that  with  the  per-oxide  is 
termed  the  per-nitrate  (§  376.).  The 
protonitrate  of  mercury  may  be  formed 
by  digesting  mercury,  at  a  low  tempera¬ 
ture,  in  nitric  acid,  diluted  with  three  or 
four  parts  of  water,  until  the  acid  is 
saturated;  and  then,  allowing  the  solu¬ 
tion  to  evaporate  spontaneously,  a  small 
quantity  of  deutoxide  of  nitrogen  is 
slowly  given  off  during  the  process.  A 
little  of  the  metal  should  be  left  in  the 
liquid  to  prevent  the  formation  of  a  pro¬ 
portion  of  the  pernitrate.  The  proto¬ 
nitrate  may  also  be  procured  by  boiling 
a  solution  of  the  pernitrate  with  an  ad¬ 
ditional  quantity  of  mercury.  The  newly 
added  metal  will  become  oxidated,  at 
the  expense  of  that  already  dissolved, 
and  will  be  taken  up  by  the  acid.  This 
salt  may  be  wholly  dissolved  by  water, 
slightly  acidulated  with  nitric  acid,  but 
pure  water  has  the  property  of  precipi¬ 
tating  from  this  and  other  mercurial 
salts,  sub-salts  of  various  composition. 

The  crystals  of  protonitrate  of  mer¬ 
cury  contain  water,  probably  to  the 
amount  of  two  equivalents. 

Pernitrate  of  Mercury  .—486. 

(1  N.  54  +  2  M.  432.) 

(§  377.)  When  mercury  is  heated  in  an 
excess  of  strong  nitric  acid,  it  is  dissolved 
with  a  brisk  effervescence  of  deutoxide  of 
nitrogen, and  transparent  prismatic  crys¬ 
tals  are  deposited  as  the  solution  cools. 
This  salt  is  composed  of  one  equivalent 
of  acid,  and  two  of  the  base.  If  the  solu¬ 
tion  be  poured  into  cold  water,  a  white 
precipitate  is  formed  ;  or,  if  into  boiling 
water,  an  orange-coloured  one,  consist¬ 
ing  of  nitric  acid,  with  a  great  excess  of 
oxide,  and  forming  an  insoluble  sub-per- 
nitrate. 

We  have  stated  (§  203.)  that  the  per¬ 
nitrate  of  mercury  may  be  decomposed 
by  heat,  and  that  the  peroxide  will  re¬ 
main.  It  is  more  correct  to  say,  that 
the  oxide  so  obtained  still  contains  a 
small  proportion  of  acid,  and  is  there¬ 
fore  not  so  pure  as  when  formed  by 
heating  the  metal  with  access  of  air. 

Nitrate  of  Silver. — 172. 

(1  N.  54  +  1  S.  118.) 

(§  378.)  The  nitric  acid  readily  acts 
upon  silver,  and  dissolves  it  with  a 
copious  disengagement  of  the  deutoxide 
of  nitrogen.  When  the  metal  is  pure, 
the  solution  is  colourless,  contains  a 
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slight  excess  of  acid,  and.  forms,  by 
spontaneous  evaporation,  large  regular 
crystals  of  the  form  of  flat  rhombs. 
This  salt  is  composed  of  one  equivalent 
of  acid  and  one  of  base,  and  contains 
no  water  of  crystallization.  Water  will 
dissolve  of  it  about  its  own  weight,  at  the 
ordinary  temperature  of  the  air,  and  alco¬ 
hol  about  a  quarter  of  its  weight.  The 
crystals  of  nitrate  of  silver  fuse  at  a  tem¬ 
perature  under  a  moderate  heat, and  being 
poured  into  heated  moulds,  form  the 
lunar  caustic  so  much  used  in  surgery. 

A  solution  of  this  salt  stains  animal 
or  vegetable  substances  of  a  deep  black 
colour,  after  exposure  to  light.  This 
seems  to  arise  from  a  reduction  of  the 
oxide  to  the  metallic  state ;  for  ivory, 
which  has  been  so  stained,  will,  when 
burnished,  exhibit  a  bright  metallic  sur¬ 
face,  resembling  that  of  pure  silver. 
This  properly  is  turned  to  account  for 
marking  linen,  &c.,  in  a  permanent 
manner.  For  this  purpose  the  cloth  is 
moistened  with  a  liquid  made  by  dis¬ 
solving  two  ounces  of  subcarbonate  of 
soda  and  two  drachms  of  gum-arabic 
in  four  ounces  of  water,  and  the  solu¬ 
tion  of  the  salt  itself  thickened  with  a 
little  gum,  and  coloured  with  Indian 
ink.  The  nitrate  of  silver  is  easily  de¬ 
composed  by  a  multitude  of  bodies.  If 
it  be  mixed  with  a  little  carbon,  and  ex¬ 
posed  to  the  temperature  of  boiling 
water,  deutoxide  of  nitrogen  and  car¬ 
bonic  acid  are  evolved,  and  the  silver  is 
obtained  in  crystals.  When  mixed  with 
phosphorus,  and  smartly  struck  with  a 
hammer,  the  decomposition  takes  place 
with  detonation ;  and  if  a  stick  of  phos¬ 
phorus  be  left  immersed  in  its  solution, 
it  will  become  beautifully  silvered.  Most 
of  the  metals  decompose  it,  and  take 
its  place  with  the  acid.  If  a  little  mer¬ 
cury  be  poured  into  a  bottle  filled  with 
a  solution  of  the  salt,  after  a  little  while 
the  silver  will  be  precipitated,  of  a 
beautiful  form,  resembling  the  branches 
of  a  tree,  which  has  been  called  the 
Tree  of  Diana. 

When  the  solution  is  contaminated 
(as  often  occurs)  with  copper,  it  may  be 
purified  from  the  latter  metal  by  preci¬ 
pitating  a  portion  of  it  with  excess  of 
potash.  The  precipitate  will  consist  of 
a  mixture  of  the  oxides  of  silver  and 
copper.  This,  when  well  washed,  may. 
be  thrown  into  the  remainder  of  the  so¬ 
lution  ;  and  the  oxide  of  silver  having  a 
greater  affinity  for  the  acid  than  the 
oxide  of  copper,  the  former  will  displace 
the  latter,  which  will  be  precipitated. 


The  Hyponitrites. 

(§  379.)  It  will  be  remembered  that 
there  are  two  acids  formed  by  nitrogen, 
of  minor  degrees  of  oxygenation  than 
the  nitric:  namely,  the  nitrous  and  the 
liyponitrous  (§§  68.’ C9.),  but  the  latter 
only  affords  salts  with  the  different 
bases  ;  as,  when  the  former  is  made  to 
act  upon  them,  protoxide  of  nitrogen  is 
disengaged  and  a  hyponitrite  formed. 

The  hyponitrites  may  be  distin¬ 
guished  as  a  class  by  the  red  vapours 
which  they  emit  when  acted  upon  by 
other  acids,  such  as  weak  sulphuric  or 
nitric,  or  even  acetic  acids.  The  hypo- 
nitrous  acid  is  thus  decomposed  into 
nitrous  acid  and  nitrogen.  Muriatic 
acid  is  not  decomposed  by  them,  nor 
chlorine  evolved,  as  by  the  nitrates 
(§  3G7.).  When  exposed,  with  different 
combustibles,  to  the  action  of  heat,  they 
are  decomposed,  in  an  analogous  man¬ 
ner  to  the  nitrates,  but  with  much  less 
energy.  When  their  solutions,  diluted 
with  water,  are  boiled,  they  are  decom¬ 
posed,  subnitrates  are  formed,  and 
nitrogen  disengaged. 

Hyponitrites  of  Lead. 

(§  380).  If  we  take  100  parts  of  nitrate 
of  lead  in  crystals  and  78  parts  of 
lead  in  a  state  of  fine  division,  and  heat 
the  mixture  so  as  to  make  it  boil,  w’e 
shall  obtain  a  salt,  which,  on  cooling, 
will  crystallize  in  beautiful  gold-coloured 
needles.  It  may  be  considered  as  a  sub- 
hyponitrite  of  lead,  being  composed  of 
two  equivalents  of  oxide  of  lead,  and 
one  of  hyponitrous  acid.  It  is  but 
slightly  soluble  in  water,  and  acts  upon 
vegetable  colours  as  an  alkali. 

if  carbonic  acid  be  passed  into  it s  so¬ 
lution,  half  the  lead  will  be  precipitated 
as  a  carbonate  of  lead,  and  a  neutral 
hyponitrite  of  lead  (that  is  to  say,  a  salt 
composed  of  one  equivalent  of  each  of 
its  ingredients)  will  be  left  in  solution. 
A  small  quantity  of  sulphuric  acid  will 
also  precipitate  half  the  lead. 

By  adding  a  larger  quantity  of  lead  to 
the  nitrate  of  lead,  a  yellow  liquid  will 
be  obtained,  which,  upon  evaporation, 
will  yield  octohedral  crystals,  resembling 
that  of  the  nitrate  itself,  except  in  being 
yellow.  This  is  another  subhyponitrite, 
consisting  of  3  equivalents  of  base  :  and 
lastly,  by  boiling  together  2  parts  of 
nitrate,  3  'of  lead,  and  100  of  water, 
until  the  whole  is  taken  up,  a  brick-red 
salt  will  be  obtained,  composed  of  4 
equivalents  of  base.  This  salt  contains 
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a  proportion  of  water,  but  is  less  soluble 
than  the  others. 

Hyponitrites  of  Copper,  fyc. 

(§  381.)  The  hyponitrite  of  copper 
may  be  formed,  by  carefully  pouring 
into  a  solution  of  sulphate  of  copper 
some  hyponitrite  of  lead.  A  double 
exchange  will  take  place,  sulphate  of 
lead  will  be  precipitated,  and  hyponitrite 
of  copper  remain  in  solution. 

Hyponitrite  of  iron  and  other  hypo- 
nitrites  may  be  formed  by  similar  ope¬ 
rations  :  but  they  have  been  little  studied, 
and  have  not  been  applied  to  any  prac¬ 
tical  purpose. 

A  hyponitrite  of  potash  is  probably 
formed,  vVhen  nitrate  of  potash  has  been 
exposed  to  a  moderate  red  heat,  for  if 
acetic  acid  be  found  upon  the  residue, 
it  emits  red  fumes,  whereas,  before  the 
application  of  the  heat,  the  salt  is  not  at 
all  affected. 

Chapter  XV. 

On  the  Chlorates,  Perchlorates,  and 

Combinations  of 'Chlorine  with  Ox¬ 
ides. 

(§  382.)  The  chlorates  resemble  the 
nitrates  very  much  in  general  characters, 
and  they  are  easily  characterized  as  a 
class.  The  chloric  acid  contains  the 
same  number  of  equivalents  of  oxygen 
as  the  nitric  (§  92.),  but  still  more  loosely 
combined ;  so  that  its  salts  are  decom¬ 
posed  with  extreme  facility,  either  by 
mere  heat  or  by  combustible  bodies.  They 
give  off  pure  oxygen  when  exposed  to  a 
high  temperature,  and  deflagrate  readily 
when  thrown  upon  ignited  coals.  When 
treated  with  sulphur,  they  form  large 
quantities  of  sulphurous  and  sulphuric 
acids,  and  when  treated  with  muriatic 
acid  they  yield  chlorine  and  its  protoxide. 
The  sulphuric  acid  disengages  from 
them  peroxide  of  chlorine  (§  98.). 
With  sulphur  and  phosphorus  they 
detonate  violently  by  percussion.  They 
are  never  found  as  natural  productions. 

Chlorate  of  Potash. — 124. 

(1  C.  76  +  1  P.  48.) 

(§  383.)  The  chlorate  of  potash  may  be 
formed  by  the  direct  combination  of  the 
acid  and  the  base,  or  by  passing  chlorine 
into  a  concentrated  solution  of  pure  pot¬ 
ash,  until  the  latter  is  completely  neu¬ 
tralized.  The  solution  obtained  by  the 
last  process,  after  being  boiled  for  a  few 
minutes,  will  contain  both  muriate  and 
chlorate  of  potash.  If  gently  evapo¬ 


rated,  till  a  pellicle  forms  upon  its  sur¬ 
face,  and  suffered  to  cool,  the  chlorate 
will  crystallize,  and  the  muriate  remain 
in  solution.  The  chlorate  of  potash  is 
perfectly  anhydrous,  and  composed  of 
one  equivalent  of  acid  and  one  of  base. 
It  is  obtained  crystallized  in  small  scales, 
whose  regular  form  is  rhomboidal.  Its 
taste  much  resembles  that  of  nitre.  It 
is  but  little  soluble  in  cold  water,  but 
much  more  so  in  hot.  It  may  be  fused 
by  a  strong  heat  without  decomposition  ; 
but  upon  increasing  the  temperature  still 
further,  it  gives  off  6  equivalents  of  oxy¬ 
gen,  and  chloride  of  potassium  remains 
(§  3 C .) .  It  explodes  violently  by  percus¬ 
sion,  or  trituration  in  a  mortar,  when 
mixed  with  sulphur  or  carbon ;  with 
phosphorus  the  experiment  is  dangerous, 
from  the  violence  of  the  effects. 

When  thrown  into  concentrated  sul¬ 
phuric  acid,  enough  heat  is  disengaged 
to  inflame  combustible  bodies — such  as 
sulphur  and  resins.  It  is  to  this  property 
that  the  instantaneous-light  matches  owe 
their  efficacy :  three  parts  of  chlorate  of 
potash  are  mixed  with  one  part  of  sul¬ 
phur  or  sugar,  and  made  into  a  paste 
with  a  little  thick  gum-w'ater.  The 
matches  are  dipped  into  the  mixture, 
and  when  touched  with  sulphuric  acid 
they  instantly  burst  into  flame. 

Attempts  have  been  made  upon  a 
large  scale  to  manufacture  gunpowder 
with  this  salt,  instead  of  nitre ;  but  so 
many  serious  accidents  occun*ed  from 
spontaneous  explosions,  that  the  attempt 
has  been  abandoned.  Mixtures  of  it 
with  different  combustibles  have  been 
also  applied  for  percussion  priming  to 
guns,  but  it  was  found  seriously  to  act 
upon  the  barrels,  and  it  has  been  aban¬ 
doned  for  the  fulminate  of  mercury, 
which  has  no  corrosive  property. 

Chlorate  of  Soda. — 108. 

(1  C.  76  +  1  S.  32.) 

(§  384.)  The  chlorate  of  soda  is  best 
prepared  by  the  direct  combination  of 
the  acid  and  the  base:  it  may  also  be 
procured  by  the  same  process  as  the 
chlorate  of  potash,  substituting  soda  for 
potash ;  but  it  is  much  more  soluble 
than  that  salt  in  cold  water,  and  there¬ 
fore  not  so  easily  separable  from  the 
chloride  of  sodium  with  which  it  is 
mixed.  It  also  assumes  the  cubic  form 
in  crystallizing;  and  is  scarcely  to  be 
distinguished  by  the  taste  from  the  chlo¬ 
ride.  Its  properties  agree  with  those  of 
the  chlorate  of  potash. 

(§  385.)  It  may  be  well  to  mention 
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here,  that  when  experiments  are  to  be 
mad.e  upon  Ihe  decomposition  of  sub¬ 
stances  which  explode  by  heat,  it  is  best 
to  mix  them  with  a  large  proportion  of 
some  inert  substance  in  powder,  such  as 
sand,  sulphate  of  potash,  &c.  Thus  me¬ 
chanically  diluted,  as  it  were,  they  only 
gradually  receive  the  impression  of  the 
heat,  in  very  small  portions  at  a  time ; 
and,  by  adopting  this  precaution,  the 
most  explosive  powders  may  be  safely 
analyzed,  and  their  gaseous  products 
accurately  collected. 

Chlorate  of  Barytes. — 154. 

(1  C.  76  +  1  B.  78.) 

(§  386.)  We  shall  describe  one  more  of 
the  chlorates,  on  account  of  the  interest 
which  attaches  to  it,  from  being  the 
source  'whence  the  chloric  acid  is  ob¬ 
tained  (§  92.).  The  fluosilicic  acid 
(§  350.)  has  the  property  of  forming  a 
salt  with  potash,  which  is  insoluble  at 
the  ordinary  temperature  of  the  air.  By 
mixing  this  acid  in  excess  with  a  solu¬ 
tion  of  chlorate  of  potash,  an  insoluble 
precipitate  is  formed  with  the  alkaline 
base,  which,  at  first,  is  of  a  gelatinous 
form,  and  scarcely  visible,  but  afterwards 
becomes  very  dense :  this  must  be  sepa¬ 
rated  by  the  filter.  A  solution  of  barytes 
in  water,  also  in  excess,  is  mixed  with 
the  clear  liquid  ;  and  a  current  of  car¬ 
bonic  acid  is  passed  through  it,  which 
precipitates  the  excess  of  barytes  in  an 
insoluble  form.  It  crystallizes  in  four¬ 
sided  prisms;  and  100  parts  of  water, 
at  ordinary  temperatures,  will  dissolve 
about  12  parts. 

Perchlorates. 

(§  387.)  This  class  of  salts,  and  the 
acid  of  which  they  are  composed  (§  94.), 
are  but  little  known.  They  act  with 
great  violence  upon  ignited  coal,  on  ac¬ 
count  of  the  great  excess  of  oxygen 
which  enters  into  their  composition,  and 
of  which  they  possess  two  equivalents 
more  than  the  chlorates.  They  are 
readily  decomposed  by  heat  and  by  all 
combustible  bodies.  The  acid  enters 
into  combination  w  ith  all  the  bases,  and 
the  products  are  perfectly  neutral,  ( i .  e. 
possess  neither  acid  nor  alkaline  pro¬ 
perties.) 

Perchlorate  of  Potash. — 148.  ? 

(1  C.  100  +  1  P.  48.?) 

t  §  388.)  The  perchlorate  of  potash  may 
be  obtained  by  gently  heating,  to  the  tem¬ 
perature  of  about  110°Fah.,  a  mixture  of 
one  part  of  chlorate  of  potash  with  two 


of  sulphuric  acid.  Peroxide  of  chlorine 
($  390.)  is  given  off  during  the  process, 
and  a  mixture  of  this  salt  with  bisulphate 
of  potash  remains.  The  latter,  being  more 
soluble  than  the  former,  maybe  separated 
from  it  by  washing,  and  by  careful  crys¬ 
tallization  the  perchlorate  may  be  col¬ 
lected  in  small  octohedral  crystals. 

It  is  quite  insoluble  in  alcohol,  and 
requires  fifty-five  times  its  weight  of 
water  at  6  0°  for  its  solution :  it,  however, 
dissolves  much  more  freely  in  water  of 
212°.  It  is  from  this  salt  that  perchloric 
•  acid  has  been  obtained,  by  distilling  it 
with  an  equal  weight  of  sulphuric  acid 
at  a  temperature  of  280°  Fah.  When  ex¬ 
posed  alone  to  a  temperature  of  412° 
Fah.  it  is  converted  into  chloride  of 
potassium  and  oxygen  gas. 

Combinations  of  Chlorine  with 
the  Oxides. 

(§  389.)  Uncombined  chlorine  is  also 
capable  of  uniting  directly  with  potash, 
soda,  lime,  and,  probably,  other  oxides. 
The  compounds  have  but  little  stability, 
and  must  be  carefully  distinguished  from 
those  of  the  corresponding  metals,  or 
the  chlorides  of  potassium,  sodium,  cal¬ 
cium,  &c.  The  two  first,  which  can  only 
be  obtained  in  the  liquid  form  bypassing  a 
current  of  chlorine  through  solutions  of 
the  two  alkalies,  are  speedily  converted 
into  mixtures  of  chlorates  of  potash  or 
soda,  and  chlorides  of  potassium  or  so¬ 
dium.  They  all  possess  powerful  bleach¬ 
ing  properties,  and  emit  a  faint  smell  of 
chlorine. 

Chloride  of  Lime. 

(§  390.)  The  manufacture  of  chloride  of 
lime  (commonly  called  bleaching  powder) 
is  of  great  importance,  and  is  carried  on 
upon  a  very  large  scale.  It  is  prepared 
by  passing  chlorine  into  chambers  con¬ 
structed  for  the  purpose,  in  which  strata 
of  fresh  slaked  lime,  in  fine  powder,  is 
exposed  to  its  action  in  trays.  The  gas 
is  absorbed  with  rapidity,  and  much  heat 
is  evolved.  It  is  necessary,  indeed,  to 
regulate  this  last  circumstance  by  pass¬ 
ing  the  current  of  gas  very  slowly  into 
the  apparatus,  or  by  surrounding  it  with 
cold  water ;  as  a  too  high  temperature 
determines  the  formation  of  a  large  pro¬ 
portion  of  chlorate  of  lime. 

The  chloride  of  lime  is  thus  obtained 
in  the  form  of  a  dry,  white  powder,  which 
possesses  a  faint  odour  of  chlorine,  and 
a  strong  penetrating  taste.  When  agi¬ 
tated  with  water,  a  portion  is  dissolved, 
which  varies  in  different  specimens.  Its 
exact  composition  is  a  matter  of  contro- 
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versy;  but  it  is  probable  that  the  dry 
powder  consists  of  one  equivalent  of 
chlorine  united  with  two  of  hydrate  of 
lime,  and  that,  when  dissolved,  one  equi¬ 
valent  of  the  latter  is  precipitated ;  and 
that  the  chloride  which  remains  in  solu¬ 
tion  is  composed  of  one  equivalent  of 
chlorine  and  one  of  the  hydrate.  When 
fresh  prepared,  with  care,  it  does  not 
contain  any  admixture  of  muriate  of 
lime  ( chloride  of  calcium) ;  but  by  long 
keeping,  especially  if  moist,  this  salt  is 
produced. 

When  exposed  to  heat,  it  is  decom¬ 
posed  ;  a  small  quantity  of  chlorine  and 
water  are  first  given  off,  and,  upon  rais¬ 
ing  the  temperature  to  600°,  the  oxygen 
of  the  base  is  evolved,  and  chloride  of 
calcium  produced.  The  chlorine  is  also 
readily  displaced  by  the  different  acids, 
even  by  the  carbonic,  whose  affinities 
are  probably  the  weakest  of  all. 

It  is  very  extensively  used  in  bleach¬ 
ing,  as  it  destroys  colours  nearly  as  effi¬ 
caciously  as  chlorine  itself.  Its  power 
for  this  purpose,  and  consequently  its 
commercial  value,  may  be  estimated  by 
its  action  upon  a  solution  of  indigo  of 
known  strength.  When  a  solution  of 
the  chloride  is  exposed  to  the  air,  the 
carbonic  acid  gradually  displaces  the 
chlorine,  which  slowly  escapes  info  the 
atmosphere,  and  carbonate  of  lime  is 
produced.  Advantage  has  been  taken 
of  this  property  for  a  most  beneficial 
purpose,  and  one  which  cannot  be  too 
widely  published,  or  too  urgently  en¬ 
forced,  by  all  those  who  may  nave  it  in 
their  power  to  recommend  it  by  precept 
or  authority.  Gaseous  chlorine  possesses 
the  power  of  destroying  the  volatile  prin¬ 
ciples  given  off  by  bodies  in  a  state  of 
putrefaction  or  infectious  effluvia,  and  is 
often  used  with  great  advantage  for  the 
purposes  of  fumigation ;  but  its  smell  is 
of  such  a  suffocating  nature,  and  so 
irritating  to  the  lungs,  that  the  greatest 
caution  must  be  taken  not  to  inhale  it  in 
any  quantity.  In  the  process,  however, 
above  described,  it  is  so  gradually 
evolved  as  not  to  occasion  inconveni¬ 
ence  ;  and  it  may  be  thus  exposed,  even 
in  the  chambers  of  the  sick,  without  the 
slightest  annoyance.  Unpleasant  ex¬ 
halations  are  instantly  neutralized  by  this 
salutary  process,  contagion  checked,  and 
a  pleasant  freshness  communicated  to 
the  air,  which  does  not  merely  cover  dis¬ 
agreeable  smells,  like  common  fumiga¬ 
tions,  but  effectually  destroys  them.  The 
chloride  is  cheap  and  easily  procured ; 
and  the  quantity  of  a  table-spoonful, 
stirred  into  as  much  water  as  may  be 


contained  in  a  soup-plate,  and  renewed 
every  two  or  three  days,  is  quite  suffi¬ 
cient  in  all  ordinary  cases.  During 
fevers  of  a  decidedly  infectious  charac¬ 
ter,  the  solution  should  be  sprinkled 
about  the  chamber,  and  the  linen  of  the 
patient  thrown  into  a  pail  of  water  in 
which  double  the  above  quantity  of  the 
salt  has  been  mixed.  There  is  reason 
to  believe,  from  actual  experiment,  that 
the  contagion  of  the  plague  itself  may  be 
stopped  by  these  precautions.  The  full 
benefit  of  the  discovery,  however,  can  only 
be  derived  from  the  people  acting  for 
themselves  in  this  matter,  and  not  wait¬ 
ing  for  the  recommendation  of  medical 
men,  who,  from  their  constant  attend¬ 
ance  upon  disease,  are  possibly  less 
alive  to  the  dangers  which  surround 
them  ;  and,  except  in  very  decided  in¬ 
stances  of  infection,  may  sometimes  be 
unfortunately  afraid  of  the  ridicule  of 
giving  way  to  unfounded  alarm.  The 
precaution  is  neither  expensive,  trouble¬ 
some,  nor  unpleasant,  and  is  perfectly 
within  the  reach  of  the  poorest  of  the 
community.  In  no  case  can  it  be  pro¬ 
ductive  of  any  injurious  effects ;  and  he 
who  is  acquainted  with  the  facts,  is 
guilty  of  the  grossest  negligence  who 
does  not  have  recourse  to  such  simple 
means  of  prevention,  even  in  cases  of 
the  very  slightest  suspicion.  We  are 
well  aware  that  we  are  exposing  our¬ 
selves  to  some  ridicule  for  so  strongly 
enforcing  such  a  subject  in  a  scientific 
treatise ;  but  when  we  consider  that  these 
pages  are  destined  for  thousands  to 
whom  other  sources  of  such  informa¬ 
tion  are  not  accessible,  we  should  feel 
ourselves  guilty  of  the  same  kind  of 
negligence  which  we  strongly  condemn 
in  others,  if  we  did  not  avail  ourselves 
of  the  opportunity  of  widely  extending 
the  useful  knowledge  of  the  disinfecting 
power  of  the  bleaching  powder,  or  chlo¬ 
ride  of  lime. 

Chapter  XVI. 

On  the  Muriates  and  Chlorides, 
(§391.)  Referring  to  the  general  ob¬ 
servations  which  we  have  just  made, 
(§  362.)  upon  the  nature  of  the  com¬ 
pounds  of  the  hydroacids,  we  propose 
in  this  chapter  to  treat  of  the  products 
of  the  action  of  the  muriatic  acid  upon 
the  different  bases,  and  to  describe  their 
properties,  whether  as  muriates  or  chlo¬ 
rides,  with  more  particularity  than  it 
consisted  with  our  purpose  to  do  under 
the  binary  compounds.  One  of  the 
distinctive  characters  of  this  class  of 
salts,  is  their  inalterability  with  the 
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simple  combustibles,  and  particularly  car¬ 
bon.  If,  for  instance,  we  mingle  common 
salt  (chloride  of  sodium)  with  charcoal,  it 
will  remain  unchanged  at  any  degree  of 
heat  to  which  we  may  expose  it.  They 
are  all  decomposed  by  the  sulphuric  acid, 
with  the  evolution  of  muriatic  acid.  If 
they  be  muriates,  the  sulphuric  acid  dis¬ 
places  the  muriatic,  and  combines  with 
the  base  :  if  chlorides,  water  is  decom¬ 
posed,  the  hydrogen  passing  to  the  chlo¬ 
rine,  which  escapes,  as  before,  in  the  form 
of  muriatic  acid,  and  the  oxygen  to  the 
metal,  forming  an  oxide  with  which  the 
sulphuric  acid  unites. 

The  mutual  action  of  nitric  acid  and 
these  salts  is  remarkable,  and  exempli¬ 
fies  the  general  law,  which  we  have  be¬ 
fore  explained  ($  365.),  of  the  simulta¬ 
neous  action  of  two  acids  upon  one  base. 
If  we  pour  nitric  acid  upon  a  muriate,  a 
partial  decomposition  takes  place,  a  cer¬ 
tain  quantity  of  a  nitrate  of  the  base  is 
formed,  and  a  certain  quantity  of  mu¬ 
riatic  acid  disengaged ;  but  the  muriatic 
and  nitric  acids  cannot  exist  together 
without  mutual  action ;  they  form  what 
the  ancient  chemists  used  to  call  Aqua 
Regia,  because,  so  united,  they  have  the 
power  of  dissolving  gold,  w'hich  they  de¬ 
nominated  the  king  of  metals  ($  1 89.). 
The  muriatic  acid,  disengaged  by  the 
nitric,  and  mixed  with  it,  gives  rise  to  a 
double  decomposition :  the  hydrogen  of 
the  former  unites  to  part  of  the  oxygen 
of  the  latter,  and  water  is  formed,  with 
chlorine  and  nitrous  acid.  It  is  the 
chlorine  of  this  mixed  fluid  which  dis¬ 
solves  the  gold,  and  the  nitrous  acid  is 
thrown  off!  In  proportion  as  the  chlo¬ 
rine  is  neutralized  by  the  action  of  any 
metallic  base,  the  decomposition  of  the 
two  acids  proceeds,  and  more  is  evolved. 

If,  on  the  other  hand,  muriatic  acid 
in  excess  be  made  to  act  upon  a  nitrate, 
a  chloride  is  formed  ;  the  oxygen  of  the 
base  uniting  with  the  hydrogen  of  the 
acid,  and  forming  water :  nitric  acid  is 
liberated,  which  re-acting  upon  the  ex¬ 
cess  of  muriatic  acid  in  the  manner  just 
described,  this  mixture  has  also  the 
property  of  acting  upon  gold. 

The  muriatic  acid  is  most  easily  re¬ 
cognised  by  dropping  into  a  solution  of 
any  of  its  salts  a  little  solution  of  any 
salt  of  silver,  as  the  nitrate.  A  white 
curdy  precipitate  is  immediately  formed, 
which  is  a  chloride  of  silver  ($  210.).  It 
is  insoluble  even  in  an  excess  of  acid, 
but  is  taken  up  by  ammonia.  When 
exposed  to  light,  it  changes  its  colour  to 
violet.  The  muriates  and  chlorides  are 


all  soluble  in  water,  except  the  chloride 
of  silver,  the  protochloride  of  mercury, 
and  some  subchlorides. 

Chloride  of  Silver. — 146. 

(1  S.  110+1  C.  36.) 

($392.)  The  formation  and  composition 
of  the  chloride  of  silver  have  been  al¬ 
ready  described  ($210.).  To  the  account 
there  given  of  its  properties,  we  have  but 
few  particulars  to  add.  It  is  tasteless, 
on  account  of  its  perfect  insolubility ; 
which  is  so  absolute,  that  a  drop  of  ni¬ 
trate  of  silver  will  occasion  an  obvious 
opacity  in  water  which  contains  but 
stto.’ooo  part  of  muriatic  acid.  It  is  also 
insoluble  in  alcohol,  and  all  the  acids 
except  concentrated  muriatic  acid,  which 
takes  up  a  small  portion  of  it ;  but  it 
is  again  precipitated  by  pouring  water 
into  the  solution.  It  is,  as  we  have 
before  observed,  abundantly  dissolved 
by  ammonia,  but  may  be  disengaged 
from  it  by  neutralizing  the  alkali  by  an 
acid.  Upon  gently  evaporating  the  am- 
moniacal  solution,  the  chloride  may  be 
obtained  in  crystals.  It  is  also  taken 
up  in  small  quantities  by  a  concentrated 
solution  of  common  salt  and  some  other 
chlorides ;  and  if  a  solution  of  muriate 
of  soda  be  evaporated  in  a  silver  vessel, 
it  will  become  alkaline,  and  a  sensible 
quantity  of  silver  will  be  dissolved. 
Chloride  of  silver  may  be  decomposed 
by  the  contact  of  zinc  or  iron,  with  the 
intervention  of  a  little  muriatic  acid ;  the 
zinc  is  dissolved,  and  gradually  abstracts 
the  chlorine  from  the  silver,  leaving  it 
in  the  metallic  state  in  the  form  of  a 
porous  mass.  This  decomposition  may 
be  rapidly  effected,  on  a  large  scale,  by 
heating  the  mixture  in  an  iron  vessel ; 
the  zinc  abstracts  the  chlorine,  and  the 
silver  may  be  obtained  pure  by  mere 
washing.  In  no  instance  does  the  chlo¬ 
ride  of  silver  enter  into  combination 
with  water,  and  there  is,  consequently, 
less  room  for  distinction  between  the 
direct  combination  of  the  metal  and 
chlorine,  and  the  oxide  and  muriatic 
acid,  than  in  many  instances  of  this 
class  of  salts. 

Chlorides  of  Gold. 

($  393.)  We  have  already  referred  to 
the  uncertainty  which  exists  with  regard 
to  the  composition  of  the  chlorides  of 
gold :  a  few  additional  particulars  may 
not  be  without  interest.  The  saturated 
solution  of  the  metal  in  nitro-muriatie 
acid  yields,  by  careful  evaporation,  crys- 
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tals  of  a  deep  orange  colour,  which  ra¬ 
pidly  attract  moisture  from  the  air,  and 
are  readily  decomposed  by  heat,  the 
chlorine  escaping,  and  the  gold  remain¬ 
ing  in  the  form  of  a  spongy  mass.  This 
salt,  which  is  often  lesignated  as  the 
muriate  of  gold,  contains  a  considerable 
proportion  of  water  of  crystallization ; 
but  when  strong  sulphuric  acid  is  poured 
into  a  saturated  solution  of  it,  anhydrous 
chloride  of  gold  is  precipitated.  The 
solution  of  gold  is  so  easily  decomposed, 
that  the  action  of  light  is  sufficient  to 
reduce  the  chloride ;  and,  unless  care¬ 
fully  excluded  from  its  agency,  the  glass 
which  contains  it  soon  becomes  lined 
with  a  brilliant  coat  of  the  revived 
metal.  It  is  often  used  in  the  arts  for 
obtaining  a  precipitation  of  gold  for 
various  ornamental  purposes  ;  and  this 
kind  of  gilding  is  effected  by  the  agency 
of  a  great  variety  of  substances  which 
have  a  strong  attraction  for  oxygen, 
which  abstract  it  from  the  water  of  the 
solution,  and  leave  the  hydrogen  to 
combine  with  the  chlorine,  which  then 
separates  from  the  metal.  A  splendid 
purple  colour  is  also  obtained  from  it 
by  precipitation  with  proto-chloride  of 
tin,  which  is  much  used  in  enamel  paint¬ 
ing,  and  for  tingeing  glass  of  a  fine  red. 
It  is  known  by  the  name  of  purple  of 
Cassius.  If  concentrated  solutions  of 
the  two  chlorides  be  mingled  together, 
in  any  proportions,  metallic  gold  will 
be  precipitated;  but  if  both  be  diluted 
with  water  previously  to  their  mixture, 
a  purple  powder  will  be  thrown  down, 
which  consists  of  a  mixture  of  per¬ 
oxide  of  tin  and  metallic  gold,  whose 
proportions  appear  to  vary  according  to 
circumstances. 

(§  394.)  When  solutions  of  the  alka¬ 
lies  are  added  to  the  solution  of  gold, 
the  whole  of  the  metal  is  not  thrown 
down  :  one  portion  is  precipitated  in  the 
form  of  oxide,  but  another  is  retained  in 
triple  combination  with  the  acid  and 
alkali.  Salts  thus  constituted  of  two 
bases  are  distinguished  by  the  name  of 
double  salts.  When  potash  is  added  to 
the  solution  of  chloride  of  gold,  a  part 
of  the  metal  precipitates,  and  a  double 
chloride  of  gold  and  potassium  is  formed, 
which  is  very  soluble,  and  not  decom¬ 
posed  by  any  further  addition  of  the 
alkali.  Similar  double  salts  may  be 
formed  by  the  action  of  soda,  lime,  and 
even  magnesia;  but  they  have  been 
very  little  attended  to.  The  double  chlo¬ 
ride  of  gold  and  sodium  may  also  be 
obtained  by  dissolving  300  parts  of  gold 


in  nitro-muriatic  acid,  and  adding  19 
parts  of  common  salt  (chloride  of  so¬ 
dium.)  Yellow  prismatic  crystals  may 
be  obtained  by  evaporating  the  solution. 

When  solution  of  gold,  diluted  with 
about  3  parts  of  water,  is  mixed  with 
liquid  ammonia,  a  brownish  precipitate 
is  formed,  which,  washed  and  carefully 
dried,  at  a  temperature  not  exceeding 
212°,  is  known  by  the  name  of  fulmi¬ 
nating  gold.  It  explodes  violently  by 
friction,  and  by  the  electrical  shock.  It 
is  supposed  to  be  a  compound  of  oxide 
of  gold  and  ammonia,  in  the  proportion 
of  about  5  parts  of  the  former  to  1  of  the 
latter.  In  its  sudden  decomposition 
the  oxide  of  the  gold  unites  with  the 
hydrogen  of  the  alkali,  and  forms  water ; 
the  gold  is  reduced,  and  nitrogen  is 
evolved. 

Chlorides  of  Platinum. 

(§  395.)  The  direct  combination  which 
we  formerly  described  (§  220.)  of  plati¬ 
num  with  chlorine,  is  most  probably  a 
proto-chloride  of  that  metal.  If  the 
solution  of  pure  platinum  in  nitro-muri¬ 
atic  acid  be  evaporated  to  dryness  at  a 
gentle  heat,  and  the  temperature  not 
subsequently  raised,  a  brown  deliques¬ 
cent  mass  will  be  obtained,  which  is 
very  soluble  both  in  water  and  alcohol. 
This  is  a  perchloride,  and  is,  probably, 
composed  of 

1  equivalent  of  platinum  .  96 

2  ditto  chlorine  .  72 


168 


but  it  also  contains  combined  water,  and 
in  this  state  is  known  by  the  name  of per- 
muriate  of  platinum.  It  is  easily  decom¬ 
posed,  with  revival  of  the  platinum,  by 
a  great  many  of  the  metals,  and  differ¬ 
ent  combustible  bodies.  It  is  converted 
into  the  proto-chloride  by  a  temperature 
not  exceeding  430°  F. ;  but,  by  a  higher 
heat,  all  the  chlorine  is  expelled,  and  the 
pure  metal  remains.  Perchloride  of 
platinum  unites  with  the  chlorides  of 
the  alkaline  metals  to  form  double  salts 
analogous  to  the  double  chlorides  of 
gold. 

The  double  chloride  of  platinum  and 
potassium  is  formed  by  mixing  chloride 
of  potassium  with  perchloride  of  plati¬ 
num.  It  is  very  sparingly  soluble  in 
water,  and  quite  insoluble  in  alcohol :  it 
is  of  a  yellow  colour,  and  crystallizes  in 
small  octohedra.  It  consists  of 
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1  equivalent  perchloride  of  pla¬ 


tinum  . 168 

1  ditto  chloride  of  potassium  84 


252 

This  salt  is  formed  whenever  the  alco¬ 
holic  solution  of  the  perchloride  is  added 
to  a  concentrated  solution  of  any  salt 
whose  base  is  potash,  and  thus  the  salts 
of  potash  may  be  distinguished  from  all 
others. 

A  similar  double  chloride  of  platinum 
and  sodium  may  also  be  formed  which 
is  soluble  both  in  water  and  alcohol. 

A  double  muriate  of  platinum  and 
ammonia  is  produced  in  abundance  by 
adding  a  solution  of  muriate  of  ammo¬ 
nia  to  the  perchloride  of  platinum.  The 
precipitate  is  of  a  light  yellow  colour, 
and  composed  of 

1  equivalent  bichloride  of  pla¬ 
tinum  . 168 

1  ditto  muriate  of  ammonia  .  54 
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When  this  ammonio-muriate  is  strongly 
heated,  the  ammonia  and  the  chlorine 
are  driven  off,  and  pure  metallic  plati¬ 
num  remains  in  a  peculiar  spongy  dis¬ 
integrated  state ;  from  which  the  mal¬ 
leable  platinum  used  in  the  arts  is  pre¬ 
pared  by  welding  at  a  high  heat  with 
strong  pressure. 

Platinum, in  the  slightly-coherent  state 
in  which.it  is  obtained  by  the  decom¬ 
position  of  this  double  muriate,  possesses 
the  remarkable  property  of  determining 
the  union  of  hydrogen  and  some  other 
inflammable  gases  with  oxygen ;  and 
when  a  stream  of  the  former  is  directed 
upon  a  small  particle  of  the  metal  thus 
prepared,  it  speedily  becomes  white  hot, 
from  the  great  quantity  of  heat  which  is 
disengaged,  and  the  gas  is  inflamed. 
The  process  cannot  at  present  be  said 
to  be  perfectly  understood,  but  probably 
originates  in  a  mechanical  condensation 
of  the  gas  in  the  pores  of  the  spongy 
mass,  analogous  to  that  which  we  have 
described  as  taking  place  with  fresh-pre¬ 
pared  charcoal  (§153.).  Some  other 
metals,  in  a  state  of  fine  division,  possess 
the  same  property  at  higher  tempera¬ 
tures  and  in  a  less  degree. 

Chlorides  of  Copper. 

(§396.)  We  have  seen  (§§344,  345.) 
that  the  two  chlorides  of  copper  have  a 
yellowish  colour,  which  is  of  no  great  in¬ 
tensity  ;  and  that .  the  nrotochloride  is 


insoluble  in  water.  Muriatic  acid,  when 
concentrated,  acts  upon  metallic  copper 
with  difficulty  at  a  boiling  heat ;  but  the 
peroxide  is  readily  dissolved  by  the  acid, 
and  forms  a  green  solution  of  different 
degrees  of  intensity,  according  to  its 
concentration.  By  careful  evaporation 
green  prismatic  crystals  may  be  ob¬ 
tained,  which  are  deliquescent  and  very 
soluble  both  in  water  and  alcohol.  The 
proportions  of  metal  and  chlorine  are 
the  same  as  in  the  perchloride ;  but,  in 
addition,  it  contains  a  definite  propor¬ 
tion  of  water  of  crystallization,  and  in 
this  state  is  often  called  permuriate  of 
copper.  It  parts  with  this  water  at  a 
moderate  temperature,  and  then  in  no 
respect  differs  from  the  perchloride. 

When  copper  is  merely  wetted  with 
muriatic  acid  or  a  solution  of  com¬ 
mon  salt,  and  exposed  to  the  air,  an 
oxide  is  formed  united  to  a  little  chlo¬ 
rine.  This  sub-salt  is  also  formed  when 
a  sufficient  quantity  of  any  alkali  is 
poured  into  a  solution  of  the  permuriate 
to  decompose  it.  It  is  of  a  blue  colour, 
and  used  as  a  paint,  which  is  unchanged 
by  exposure  to  the  air. 

Chloride  of  Cobalt. 

(§397.)  A  chloride  of  cobalt  may  be 
prepared  by  dissolving  the  metal  in  mu¬ 
riatic  acid ;  during  the  solution  hydro¬ 
gen  gas  is  evolved.  When  the  solution 
has  been  evaporated  to  dryness,  and  the 
residue  heated  to  redness,  out  of  the 
contact  of  air,  a  deep  blue  salt  is  ob¬ 
tained  of  a  lamellated  or  micaceous 
texture,  which  is  the  pure  anhydrous 
chloride.  It  forms  a  pink  solution  in 
wafer,  which,  by  careful  evaporation, 
yields  crystals,  which  contain  a  definite 
proportion  of  water,  and  are  sometimes 
called  the  hydrated  chloride,  and  some¬ 
times  the  muriate  of  cobalt.  The  pink 
solution  changes  colour  according  to  its 
degree  of  concentration,  and  when  heated 
to  the  boiling  point  assumes  an  intense 
blue  colour.  If  the  metal,  from  which 
the  chloride  has  been  made,  should  not 
have  been  perfectly  pure,  but  slightly 
contaminated  with  iron,  nickel,  or  ar¬ 
senic,  the  colour  produced  is  green.  If 
the  pale  pink  solution  be  employed  to 
write  upon  paper,  the  characters,  when 
dry,  will  be  invisible  ;  but  if  the  paper 
be  held  before  a  fire,  the  writing  will 
appear  in  bright  blue  or  green.  As  the 
paper  cools,  the  colour  will  again  dis¬ 
appear  in  consequence  of  its  absorbing 
moisture  from  the  air  ;  and  the  pheno¬ 
mena  may  be  reproduced  many  times  in 
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succession.  When  employed  for  this 
purpose  it  is  called  a  sympathetic  ink. 

Muriates  of  Tin. 

(§398.)  By  boiling  one  part  of  tin  with 
two  of  muriatic  acid,  a  solution  may  be 
obtained,  which  yields  by  concentration 
a  crop  of  deliquescent  crystals,  which 
consist  of  proto-muriate,  or  hydrated- 
protochloride  of  tin (§287.).  The  solu¬ 
tion  has  a  great  attraction  for  oxygen, 
which  it  quickly  absorbs  from  the  air 
and  from  several  metallic  solutions 
which  it  deoxidizes  and  revives.  It  is 
much  used  in  the  arts  of  dyeing  and 
calico  printing,  to  change  colours  and  to 
fix  them.  With  infusion  of  cochineal  it 
produces  a  purple  precipitate. 

During  the  absorption  of  oxygen  from 
the  atmosphere,  part  of  the  tin  is  thrown 
down  in  the  state  of  peroxide,  and 
another  part  combines  with  a  second 
equivalent  of  chlorine  or  muriatic  acid, 
and  permuriate  or  perchloride  of  tin 
''§  288.)  remains  in  solution :  the  same 
solution  may  at  once  be  obtained  by 
dissolving  tin  in  nitro-muriatic  acid,  or 
a  mixture  of  nitric  acid  and  common 
salt,  or  muriate  of  ammonia.  It  is  also 
much  used  by  dyers,  and  produces  a 
scarlet  colour,  with  infusion  of  cochineal. 

Chapter  XVII. 

On  the  Bromates  and  Hydro- bromates, 
or  Bromides — and  on  the  lodates 
and  Hydriodates,  or  Iodides. 

(§  399.)  The  combinations  of  the 
hromic  and  hydro-bromic  acids  with  the 
different  bases,  or  of  bromine  with  the 
several  metallic  elements,  have  hitherto 
been  too  little  studied  to  enable  us  ac¬ 
curately  to  characterize  them  as  classes, 
and  they  are  of  too  rare  occurrence  to 
render  the  omission  of  any  consequence 
to  the  student.  The  bromates,  how¬ 
ever,  are  generally  analogous  to  the 
chlorates  (§  382.) :  they  deflagrate  when 
thrown  upon  ignited  charcoal,  and  give 
off  pure  oxygen  when  heated. 

The  hydro-bromates  precipitate  the 
solutions  of  silver  like  the  muriates 
(§  391.) ;  the  bromide  of  silver  which  is 
formed  has  the  same  curdy  appearance 
as  the  chloride,  and  becomes  black  by 
exposure  to  light.  It  is  also  soluble  in 
ammonia,  and  insoluble  in  boiling  nitric 
acid.  Boiling  sulphuric  acid,  on  the 
other  hand,  disengages  vapours  of  bro¬ 
mine,  by  which  it  may  be  distinguished. 
We  shall  proceed  to  describe  two  or 
three  of  the  salts  as  illustrations  of  the 
subject. 


Bromate  of  Potash. 

(§  400.)  When  the  ethereal  solution  of 
bromine  (§  100.)  is  shaken  up  with  so¬ 
lution  of  potash,  bromate  of  potash  and 
bromide  of  potassium  are  both  produced. 
The  former  separates  in  the  form  of  a 
crystalline  powder.  It  is  soluble  in 
water,  and  slightly  so  in  alcohol,  and 
it  crystallizes  in  needles.  It  acts  like 
nitre  upon  hot  coals,  and  is  converted 
into  bromide  of  potassium  by  the  disen¬ 
gagement  of  its  oxygen.  When  mixed 
with  sulphur  it  may  be  made  to  detonate 
by  a  blow.  It  is  sparingly  soluble  in 
water,  and  its  solution  occasions  a  white 
preeipitate  in  nitrate  of  silver,  by  which 
it  may  be  distinguished  from  chlorate  of 
potash,  which  it  otherwise  resembles. 

Bromate  of  Baryta. 

(§401.)  If  the  solution  of  bromine  in 
ether  be  agitated  with  the  aqueous  solu¬ 
tion  of  baryta,  two  salts  are  also  pro¬ 
duced,  viz.  the  bromate  of  baryta  and 
the  bromide  of  barium.  The  former 
may  be  obtained  in  needle  crystals,  and 
is  the  source  from  which  the  bromic 
acid  is  obtained,  as  before  mentioned 
(§  102.).  It  produces  a  vivid  deflagra¬ 
tion  when  thrown  upon  ignited  charcoal. 

Hydro-Bromate  of '  Potash,  or  Bromide 
of  Potassium. 

(§  402.)  Bromine  and  potassium  act 
intensely  on  each  other,  with  evolution 
of  light  and  heat :  a  white  crystallized 
substance  is  the  result.  The  same  salt 
is  obtained  in  combination  with  water, 
by  agitating  together,  as  above  stated 
(§  400.),  solutions  of  bromine  and  potash, 
or  by  the  direct  saturation  of  hydro- 
bromic  acid  (§  103.)  with  potash.  It 
crystallizes  in  cubes,  and  is  much  more 
soluble  than  the  bromate,  a  property 
which  renders  it  easily  separable  from 
the  latter. 

Hydro-Bromate  of  Baryta,  or  Bromide 
of  Barium. 

(§  403.)  The  hydro-bromate  of  baryta 
may  be  formed  as  above-mentioned 
(§  401.),  or  by  the  direct  combination  of 
the  acid  and  base.  It  is  very  soluble  in 
water,  and  is  also  taken  up  by  alcohol. 
By  evaporation  of  the  solution  it  may 
be  obtained  in  opaque  mammilated 
crystals. 

Hydro- Bromate  of  Ammonia. 

(§404  )  Hydro-bromic  acid  gas  unites 
with  its  own  volume  of  ammoniacal  gas, 
and  forms  a  white  volatile  salt.  It  crys 
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tallizes  in  long  prisms,  and  is  soluble  in 
water.  By  exposure  to  the  air  it  be¬ 
comes  yellow,  and  slightly  acid. 

The  Iodates. 

(§  405.)  We  have  seen  that  the  iodic 
acid  is  analogous  in  composition  to  the 
chloric  acid  (§  108.):  the  general  cha¬ 
racter  of  the  iodates  is  also  similar  to 
that  of  the  chlorates.  They  form  defla¬ 
grating  mixtures  with  inflammable 
bodies,  and  give  out  oxygen  gas  at  a 
i  low  red  heat.  A  metallic  iodide  gene¬ 
rally  remains  after  this  operation,  but, 
in  some  cases,  iodine  itself  is  liberated. 
They  are  easily  distinguished,  as  a  class, 
by  the  disengagement  of  iodine  when 
exposed  to  the  action  of  deoxidizing 
substances,  as  the  sulphurous,  phospho¬ 
rous,  muriatic,  and  hydriodic  acids. 
They  are,  in  general,  very  sparingly 
soluble  in  water. 

Iodate  of  Potash.— VIZ. 

(1  I.  164  +  1  P.48.) 

(§  406.)  The  iodate  of  potash  may  be 
obtained  by  projecting  iodine  into  a  hot 
strong  solution  of  pure  potash  till  the 
alkali  is  neutralized.  By  evaporating 
the  solution  to  dryness,  a  mixture  of 
iodate  and  hydriodate  of  potash  is  ob¬ 
tained,  from  which  the  latter  may  be 
washed  by  strong  alcohol,  the  former 
being  perfectly  insoluble  in  that  fluid. 
It  is  a  difficultly  soluble  salt,  and  gives 
out  about  22  per  cent,  of  oxygen  at  a 
red  heat,  and  is  thereby  converted  into 
iodide  of  potassium.  All  the  insoluble 
iodates  may  be  obtained  from  this  salt 
by  double  decomposition  ;  as,  for  in¬ 
stance,  the  iodate  of  baryta,  by  mixing 
the  muriate  of  baryta  with  its  solution. 

None  of  them  possess  sufficient  inte¬ 
rest  to  require  description. 

The  Hydriodates,  or  Iodides. 

($  7.)  In  considering  the  combina- 

Htions  of  the  hydriodic  acid  with  the  dif- 
Hferent  bases,  we  must  recollect  its  close 
■analogy  to  the  muriatic  acid  (§  111.), 
Hand  the  observations  which  have  been 
■made  upon  the  combinations  of  the 
Hrydro-acids  in  general  (§  362.).  When¬ 
ever  sulphuric  acid,  nitric  acid,  or  chlo- 
Bnne,  are  brought  into  contact  with  a 
Hiydriodic  salt,  either  in  the  solid  state 
(lor  in  solution,  iodine  is  disengaged,  and 
Hnay  be  recognized  by  its  colour.  If  the 
Hatter  agent,  however,  should  be  in  ex- 
Hess,  the  iodine  will  be  dissolved,  and 
Hhe  colour  will  disappear.  The  pre¬ 


sence  of  iodine  may  also  be  recognized 
by  the  precipitate  of  iodide  of  silver, 
which  is  formed  by  the  addition  of  a 
solution  of  silver  to  a  solution  of  any  of 
this  class  of  salts.  It  is  white,  and  in¬ 
soluble  in  water  or  the  acids.  It  is  also 
insoluble  in  ammonia,  by  which  it  may 
be  distinguished  from  the  chloride  and 
bromide  of  the  same  metal. 

Iodine  possesses  likewise  the  property, 
which  we  have  before  noticed  (§  1 06.),  of 
communicating  a  beautiful  and  peculiar 
blue  colour  to  starch  ;  so  that,  if  a  little 
of  this  vegetable  substance  be  mixed  with 
an  iodide,  and  sulphuric  or  nitric  acid 
be  added,  it  is  immediately  characterized 
by  this  distinctive  property. 

Hydriodates  of  Iron  and  Zinc. 

(§408.)  The  hydriodate  of  iron  and  the 
hydriodate  of  zinc  may  be  formed  by 
digesting  thin  fragments  of  the  respec¬ 
tive  metals  in  water  in  which  iodine  is 
suspended.  The  combination  takes 
place  with  great  rapidity.  They  may 
each  be  obtained  in  crystals,  by  eva¬ 
poration  of  their  solution.  The  anhy¬ 
drous  iodides  may  also  be  procured  by 
the  action  of  iodine  upon  the  metals, 
without  the  intervention  of  the  water. 
The  iodide  of  iron  is  a  brown  com¬ 
pound,  fusible  at  a  red  heat,  but,  when 
combined  with  water,  it  is  of  a  green 
colour. 

Hydriodate  of  Potash. — 173. 

(1  H.  125  +  1  P.  48.) 

(§  409.)  The  hydriodate  of  potash  may 
be  produced  by  the  direct  neutralization 
of  the  hydriodic  acid,  by  the  alkali,  or  by 
the  double  decomposition  of  either  the 
hydriodate  of  iron  or  zinc,  by  carbonate 
of  potash.  It  crystallizes  in  cubes,  and 
is  very  soluble  in  water.  The  anhydrous 
salt,  or  iodide  of  potassium,  may  be 
formed  by  the  direct  action  of  iodine 
and  the  metal,  which  combine  together 
with  great  energy.  It  is  of  a  crystalline 
texture,  white,  and  fusible  at  a  red  heat. 
The  solution  of  this  salt,  as  of  all  the 
hydriodates,  is  capable  of  dissolving  a 
considerable  quantity  of  iodine,  whence 
it  derives  a  purple  colour.  This  salt,  or 
the  hydriodate  of  soda,  constitutes  the 
residue  of  the  solution  of  kelp,  which 
we  have  previously  described  (§  105.)  as 
the  source  from  which  iodine  is  derived. 
It  also  exists,  in  very  minute  proportions, 
in  the  waters  of  the  sea.  It  has  lately 
been  applied,  with  some  success,  in 
medicine. 
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Iodide  of  'Barium. 

By  acting  upon  baryta  with 
hydriodie  acid,  a  solution  may  be  ob 
tained  which  crystallizes  by  evaporation. 
The  salt  is  anhydrous,  and,  when  its 
solution  is  exposed  to  the  air,  it  is  de¬ 
composed,  and  carbonate  of  baryta 
formed.  When  the  iodide  of  barium, 
and  the  corresponding  iodides  of  stron¬ 
tium  and  calcium  are  exposed  to  heat  in 
contact  with  the  air,  iodine  is  given  off, 
and  baryta,  strontia,  or  lime,  remain  ; 
but  the  iodides  of  potassium  and  sodium 
are  unchanged  by  heat.  In  the  former 
case  the  metallic  bases  have  a  stronger 
affinity  for  oxygen  than  for  iodine  at  a 
high  temperature,  but  in  the  latter  the 
order  of  the  attraction  is  reversed. 

Hydriodate  of  Ammonia. — 142. 

(1  H.  125  -f  1  A.  17.) 

($  411.)  Equal  volumes  of  hydriodie 
acid  and  ammoniaeal  gases  combine  to¬ 
gether  and  form  deliquescent  cubic  crys¬ 
tals,  which  are  volatile  in  close  vessels 
without  decomposition.  When  exposed 
to  the  contact  of  air  and  moisture, 'they 
are  speedily  decomposed,  with  disen¬ 
gagement  of  iodine. 

Chapter  XVIII. 

Dn  the  Sulphites  and  Sulphates — Hypo- 
Sulphites  and  Hypo  -  Sulphates  — 
Hydro-  Sulphur ets  or  Sulphur ets — 
and  Sulphuretted-Hydro-  Sulphur  ets. 
($  412.)  The  salts  which  the  sulphurous 
acid  ($  116.)  forms  with  the  different 
Lases  are  easily  distinguished  as  a  class. 
Those  which  are  soluble,  as  the  sul¬ 
phites  of  potash,  soda,  lithia,  and  am¬ 
monia  (the  rest  being  nearly  insoluble), 
are  characterized  by  a  sulphurous  taste. 
When  the  stronger  acids,  as  the  sulphu¬ 
ric,  muriatic,  phosphoric,  &c.  are  poured 
upon  any  of  them,  the  sulphurous  acid 
is  disengaged  with  effervescence,  which 
may  be  easily  recognized  by  its  suffo¬ 
cating  smell.  By  exposure  to  air  they 
absorb  oxygen,  and  are  changed  into 
sulphates.  They  are  all  decomposed  by 
heat ;  part  of  their  sulphur  sublimes, 
and  the  remainder,  uniting  with  the  ad¬ 
ditional  equivalent  of  oxygen,  changes 
the  salt  into  a  sulphate :  part  of  the 
base,  however,  is  disengaged,  as  enough 
sulphuric  acid  cannot  be  formed  to  neu¬ 
tralize  the. whole.  The  soluble  salts  of 
baryta,  strontia,  and  lime  decompose  the 
alkaline  sulphites,  because  the  sulphites 
of  the  same  earths  are  insoluble  ($  365.) 
Having  enumerated  these  general  pro¬ 


perties  of  the  class,  the  subject  has  too 
little  interest  to  require  that  we  should 
enter  at  any  length  into  the  description 
of  the  individual  species :  they  have 
been  applied  to  little  use,  and  have  been 
but  slightly  examined. 

Sulphite  of  Lime. 

(6  413.)  The  sulphite  of  lime  may  be 
best  procured  by  passing  sulphurous  acid 
gas  through  water  in  which  powdered 
chalk  is  suspended  as  long  as  any  effer¬ 
vescence  is  produced.  If  carried  beyond 
this  point,  the  excess  of  sulphurous  acid 
would  redissolve  the  product.  It  is 
thus  obtained  in  the  form  of  a  white 
powder,  which  may  be  preserved  in  close 
bottles,  as  a  convenient  source  of  the 
sulphurous  acid.  It  is  used  in  wine 
countries  for  regulating  the  fermentation 
of  the  vats. 

Sulphite  of  Potash. 

(§  414.)  Sulphite  of  potash  may  be 
formed  by  passing  sulphurous  acid  into 
a  solution  of  the  alkali  or  its  carbonate. 
It  must  be  subjected  to  evaporation  out 
of  the  contact  of  the  air,  when  white 
crystals  will  be  produced  in  the  form  of 
plates.  They  are  very  soluble,  and  their 
taste  is  sulphurous.  A  bisulphite  of 
potash  is  at  the  same  time  formed,  which 
separates  first  from  the  solution. 

The  Sulphates. 

($  414.)  Of  far  higher  importance  are 
the  salts  formed  by  the  sulphuric  acid 
(§118.):  many  of  them  are  found  in  na¬ 
ture  in  abundance,  and  many  are  largely 
employed  in  the  arts.  The  sulphates 
afford  neither  effervescence  nor  disen¬ 
gagement  of  vapour  by  the  affusion  of 
any  acid  at  ordinary  temperatures  ;  but 
the  sulphuric  acid  may  be  displaced  at 
a  high  heat  by  the  boracie,  phosphoric, 
and  arsenic  acids.  When  exposed  alone 
to  a  high  temperature,  the  sulphates  are 
all  decomposed,  except  those  of  potash, 
soda,  lithia,  baryta,  strontia,  lime, 
magnesia,  and  lead.  All  the  others 
afford  sulphurous  acid  and  oxygen  by 
the  action  of  a  red  heat.  Such  as  con¬ 
tain  no  water  of  crystallization  give  out, 
moreover,  a  portion  of  anhydrous  sul¬ 
phuric  acid  (§  118.)  as  the  sulphate  of 
iron. 

The  whole  class,  not  excepting  those 
which  resist  decomposition  at  an  ele¬ 
vated  temperature,  may  be  decomposed 
by  carbon  and  a  high  heat.  The  acid 
and  the  oxide  are  both  decomposed,  and 
a  sulphuret  formed.  A  similar  change 
is  effected  by  hydrogen  gas,  at  a  red 
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heat.  Water  is  formed,  and  not  un- 
frequently  some  sulphuretted  hydrogen. 

The  soluble  sulphates  may  be  recog¬ 
nized  by  the  dense  white  precipitate 
which  is  formed  upon  pouring  into  them 
a  solution  of  any  salt  of  baryta.  The 
sulphate  of  baryta  thus  produced  is 
wholly  insoluble  in  water,  acids,  or  al¬ 
kalies.  By  boiling  the  insoluble  sul¬ 
phates  with  three  times  their  weight  of 
carbonate  of  potash  or  soda,  a  double 
decomposition  takes  place,  carbonate  of 
baryta  is  formed,  and  a  sulphate  of  the 
alkali ;  in  which  the  acid  may,  of  course, 
be  detected  by  the  same  process. 

Sulphate  of  Silver. — 158. 

(1  Sul.  40  +  1  Sil.  118.) 

(§  416.)  Diluted  sulphuric  acid  will 
not  act  upon  silver;  but  when  con¬ 
centrated  and  boiling,  it  forms  with  it  a 
white  saline  mass,  easily  fusible.  It 
requires  90  parts  of  water  at  60°  for  its 
solution  ;  but  it  is  more  soluble  in  boil¬ 
ing  water,  from  which  it  separates  on 
cooling  in  small  prismatic  crystals.  It 
is  decomposed  at  a  red  heat,  and  metal¬ 
lic  silver  remains.  The  action  of  sul¬ 
phuric  acid  is  employed  in  a  very  large 
way  for  separating  small  portions  of 
gold  from  silver.  The  gold  is  not  touched 
by  the  acid,  and  is  collected  in  the  form 
of  a  black  powder.  The  silver  is  after¬ 
wards  recovered  from  the  sulphate  by  the 
action  of  metallic  copper  which  combines 
with  the  acid,  and  precipitates  it  in  a 
pulverulent  state. 

Proto-sulphate  of  Mercury.— 248. 

(1  S.  40  + 1  M.  208.) 

(§417.)  There  are  two  sulphates  of 
mercury  corresponding  to  the  two  oxides 
of  that  metal.  If  one  part  of  mercury 
be  gently  heated  with  one  and  a  half  of 
sulphuric  acid,  sulphurous  acid  gas  will 
be  given  off,  and  a  white  mass  obtained, 
which,  after  being  washed  with  water, 
will  be  the  proto- sulphate  of  mercury. 
It  is  soluble  with  difficulty,  and  requires 
for  that  purpose  500  parts  of  cold  and 
300  of  boiling  water,  and  crystallizes  in 
prisms.  It  is  composed  of 

1  equiv.  of  protoxide  mercury  208 

1  ditto  sulphuric  acid  ...  40 
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The  alkalies  give  a  Dlack  precipitate  of 
the  protoxide  with  the  salt. 

Persulphate  of  Mercury. — 296. 

(2  S.  80+1  M.  216.) 

(§418.)  If  five  parts  of  sulphuric  acid 


be  boiled  to  dryness  with  four  of  mer¬ 
cury,  a  white  crystalline  mass  will  be 
obtained,  which  is  the  per-sulphate  of 
mercury.  It  is  immediately  decomposed 
by  the  agency  of  water  into  a  soluble 
super-sulphate  and  an  insoluble  sub- 
sulphate  of  mercury,  so  that  it  cannot 
exist  in  solution.  The  sub-salt  thus 
precipitated  is  of  a  yellow  colour,  and 
was  formerly  known  in  medicine  by  the 
name  of  turpeth  mineral.  The  per¬ 
sulphate  of  mercury  is  composed  of 

1  equiv.  of  peroxide  mercury  216 

2  ditto  sulphuric  acid  .  .  80 
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It  is  this  salt  which  is  used  for  the  pre¬ 
paration  of  the  bi-chloride  of  mercury 
by  double  decomposition  with  common 
salt  or  muriate  of  soda  (§  205.) 

(§  419.)  Our  principal  reason,  for  par¬ 
ticularly  describing  this  salt  is  to  intro¬ 
duce  the  remark,  that  the  quantity  of 
acid  which  the  oxides  of  the  same  metal 
require  for  saturation  is  generally  in  the 
same  proportion  as  the  quantity  of 
oxygen  contained  in  their  oxides.  Thus 
we  see  that  the  peroxide  of  mercury, 
which  contains  two  equivalents  of  oxy¬ 
gen,  takes  double  the  quantity  of  sul¬ 
phuric  acid  which  the  protoxide  requires 
which  only  contains  one  equivalent.  The 
observation,  though  not  quite  universal, 
may  be  useful.  We  have  already  seen 
one  exemplification  of  it  in  the  nitrate 
of  copper  (§  373.),  in  which  the  deut- 
oxide  of  that  metal  is  combined  with  two 
proportions  of  the  nitric  acid,  and  more 
will  be  adduced  as  we  proceed.  An  ex¬ 
ception,  however,  has  already  occurred 
in  the  per-nitrate  of  mercury  in  which 
two  equivalents  of  the  peroxide  are 
saturated  by  one  equivalent  of  the  acid. 

Persulphate  of  Copper. — 250. 

(2  S.  80-f-  1  C.  80  -J-  10  W.  90.) 

(§  420.)  The  persulphate  of  copper  has 
long  been  known  incommerce  by  the  name 
of  blue  vitriol.  It  forms  splendid  crystals 
of  a  fine  blue  colour,  which  contain  ten 
equivalents  of  water  of  crystallization  :  it 
however  parts  with  this  water  by  exposure 
to  heat  and  becomes  white.  The  colour 
may  be  restored  by  the  addition  of  water. 
It  is  essentially  composed  of  two  equiva¬ 
lents  of  sulphuric  acid  and  one  of  the  per¬ 
oxide  of  copper,  and  exemplifies  the  re¬ 
mark  which  we  have  just  made  (§  4 )  9.). 
There  is  at  present  no  known  combina¬ 
tion  of  the  sulphuric  acid  with  the  prot¬ 
oxide  of  copper;  for  when  this  acid  and 
base  are  digested  together,  metallic  cop- 
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per  and  a  solution  of  the  peroxide  are 
obtained.  The  persulphate  may  be  pro¬ 
duced  by  boiling  copper  filings  in  diluted 
sulphuric  acid,  when  abundance  of  sul¬ 
phurous  acid  is  emitted  :  or  the  peroxide 
of  copper  may  be  quietly  dissolved  in 
the  same  acid.  It  is  manufactured  upon 
a  large  scale  by  exposing  roasted  sul- 
phuret  of  copper  to  air  and  moisture, 
from  which  both  the  sulphur  and  metal 
abstract  oxygen.  This  salt  is  used  in 
medicine,  and  is  the  source  from  which 
many  blue  and  green  paints  are  pre¬ 
pared.  When  an  alkali  is  cautiously 
added  to  a  solution  of  the  preceding  salt 
in  quantity  not  sufficient  to  neutralize 
the  acid,  a  sub -persulphate  is  precipi¬ 
tated  of  a  pale  blue  colour.  It  is  com¬ 
posed  of 

2  equivalents  of  peroxide  of  copper  160 
,  ditto  sulphuric  acid  .  40 
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The  same  compound  is  also  formed  by 
the  addition  of  carbonate  of  lime,  when 
carbonic  acid  is  given  off  with  effer¬ 
vescence. 

An  excess  of  alkali  throws  down  from 
the  solution  the  peroxide  of  copper  in 
combination  with  water. 

Protosulphate  of  Iron. — 76. 

(1  S.  40  +  1  I.  36.) 

($  421.)  This  salt  may  be  formed  by 
acting  upon  metallic  iron  by  dilute  sul¬ 
phuric  acid.  Water  is  decomposed 
during  the  process,  the  oxygen  of  which 
passes  to  the  metal  to  constitute  the 
salifiable  base,  and  the  hydrogen  is  given 
off  with  effervescence  (§  40.).  It  is 
manufactured  on  the  large  scale  by  ex¬ 
posing  the  roasted  bisulphuret  of  iron, 
in  small  pieces,  to  the  combined  agency 
of  air  and  moisture. 

It  forms  light  green  prismatic  crys¬ 
tals,  which  contain  six  equivalents  of 
water.  They  are  soluble  in  twice  their 
weight  of  cold  water,  and  have  a  styptic, 
ferruginous  taste.  They  are  neither 
soluble  in  alcohol  nor  in  sulphuric  acid  ; 
and,  if  the  latter  be  poured  into  a  strong 
solution  of  the  salt,  it  will  be  precipi¬ 
tated,  in  an  anhydrous  state,  in  the  form 
of  a  white  powder. 

When  exposed  to  heat,  the  proto-sul¬ 
phate  of  iron  first  loses  its  water  of 
crystallization,  and  becomes  of  a  dirty- 
white  colour  ;  and,  when  the  heat  is  con¬ 
tinued  to  redness,  it  is  decomposed.  The 
protoxide  is  converted  into  peroxide,  and 
remains  in  the  form  of  a  red  powder, 


which  is  known  in  the  arts  by  the  name 
of  colcothar.  It  is  used  as  a  paint,  and 
for  polishing  mirrors.  This  salt,  either 
in  crystals  or  solution,  when  exposed  to 
the  air,  becomes  stained  with  an  ochreous 
colour  from  the  absorption  of  oxygen. 
A  sub-persulphate  is  thus  formed  which 
is  insoluble. 

Per-sulphate  of  Iron. — 100. 

(1$  S.  60  +  1  I.  40.) 

(§  422.)  The  proto-sulphate  of  iron  is 
changed  into  per-sulphate  by  the  action 
of  chlorine  or  nitric  acid.  The  per¬ 
sulphate  may  also  be  formed  directly  by 
the  action  of  sulphuric  acid  upon  the 
red  oxide  of  iron  slightly  moistened.  If 
the  acid  be  concentrated,  the  product 
will  be  anhydrous  and  white,  but  will 
become  of  a  reddish-brown  when  dis¬ 
solved  in  water.  It  cannot  be  made  to 
crystallize,  but  affords,  upon  evapo¬ 
ration,  a  brown  deliquescent  mass,  solu¬ 
ble  in  alcohol.  Its  taste  is  highly  astrin¬ 
gent.  It  is  composed  of 
1$  equivalent  of  sulphuric  acid  .  .  60 
1  ditto  per- oxide  of  iron  .  40 
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This  is  another  instance  of  the  acid  of 
a  salt  being  in  proportion  to  the  oxygen  of 
the  base,  the  more  remarkable  on  account 
of  the  half  equivalent  of  the  oxide  ($  293.) 
requiring  an  additional  half  equivalent 
of  the  acid  for  its  saturation. 

Sulphate  of  Potash. — 88. 

(L  S.  40  +  1  P.  48.) 

(§  423.)  This  salt  may  readily  be  pre¬ 
pared  by  decomposing  carbonate  of 
potash  by'  sulphuric  acid.  It  is  pro¬ 
duced  on  a  large  scale  in  the  manu¬ 
facture  of  nitric  acid,  of  which  it  con¬ 
stitutes  the  residue  ($  72.).  Its  taste  is 
saline  and  bitter  ;  it  crystallizes  in  six- 
sided  prisms,  which  contain  no  water  of 
crystallization,  and  suffer  no  change  by 
exposure  to  air.  It  is  not  very  soluble, 
and  requires  sixteen  times  its  weight  of 
cold  water  and  five  of  boiling  water  for 
its  solution.  It  decrepitates  at  a  red 
heat,  and  is  volatilized,  without  decom¬ 
position,  at  a  still  higher  temperature. 
If  hydrogen  gas  be  passed  over  it  at  a 
red  heat  it  will  be  decomposed ;  the  oxy¬ 
gen  both  of  the  acid  and  base  will  be 
abstracted,  and  suiphuret  of  potassium 
remain.  It  also  produces  suiphuret  of 
potassium  by  calcination,  at  a  high  heat, 
with  one-fifth  of  its  weight  of  charcoal. 
When  two  parts  of  this  salt  and  one  of 
lamp-black  arc  heated  to  redness  in  a 
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phial  coated  with  clay,  and  the  air  care¬ 
fully  excluded  during:  the  process,  a 
powder  is  obtained  which  takes  fire  upon 
exposure  to  the  air;  a  phenomenon 
owing  to  the  heat  evolved  by  the  rapid 
absorption  of  oxygen  and  the  consequent 
ignition  of  the  sulphur  and  charcoal. 

Bisulphate  of  Potash. — 128. 

(2  S.  80  +  1  P.  48.) 

(§  424.)  By  pouring  sulphuric  acid  into 
a  hot  solution  of  sulphate  of  potash, 
the  base  will  combine  with  a  second 
equivalent  of  the  acid.  The  bisulphate 
may  be  obtained  in  prismatic  crystals 
or  in  the  form  of  delicate  needles.  Its 
taste  is  acid,  and  it  is  much  more  solu¬ 
ble  and  fusible  than  the  foregoing  com¬ 
pound.  Alcohol  throws  down  from  its 
aqueous  solution  the  neutral  sulphate  of 
potash.  It  is  sometimes  used  for  cleans¬ 
ing  works  in  brass. 

Sulphate  of  Soda. — 72. 

(1  S.40  +  1  So.  32.) 

(§  425.)  The  sulphate  of  soda  may  be 
formed  by  the  direct  combination  of  the 
acid  and  base,  but  is  abundantly  pro¬ 
duced  in  the  manufacture  of  muriatic 
acid  by  the  decomposition  of  common 
salt  (§  86.).  It  crystallizes,  from  its 
aqueous  solution,  in  four-sided  prisms, 
which  contain  ten  equivalents  of  water 
of  crystallization.  Of  these  it  parts 
with  a  very  large  proportion  by  efflo¬ 
rescence  in  a  dry  atmosphere.  Its  taste 
is  saline  and  bitter,  and  it  has  been  long 
known  in  medicine  by  the  name  of 
Glauber's  Salt.  It  is  very  soluble  in 
water,  but  presents  a  very  singular  irre¬ 
gularity  in  this  respect.  Its  solubility 
increases  to  a  certain  point,  and  then 
diminishes.  It  increases  to  92°,  which 
is  the  maximum  point,  and  decreases  to 
215°.  It  is  insoluble  in  alcohol.  It  may 
be  deprived  of  its  water  of  crystallization 
by  heat,  and  then  resists  further  decom¬ 
position.  The  taste  of  the  anhydrous  salt 
is  acrid  and  hot,  and  it  absorbs  moisture 
with  great  avidity.  It  may  be  made,  con¬ 
secutively  to  undergo  both  the  aqueous 
and  igneous  fusion. 

A  bisulphate  of  soda  may  be  formed 
by  a  similar  process  to  that  by  which 
the  analogous  salt  of  potash  is  pro¬ 
duced. 

Sulphate  of  Lime. — 86. 

(1  S.  40  +  1  L.  28  +  2  W.  18.) 

(§  426.)  The  sulphate  of  lime  is  an 
abundant  product  of  nature,  and  is 
Known  by  the  names  of  selenite,  alabas- 


ter,  gypsum,  and  plaster-stone.  It  may 
easily  be  formed  by  art,  and  obtained 
in  silky  crystals,  which  require  433 
parts  of  water  for  their  solution.  At  a 
dull  red  heat,  all  the  varieties  lose  their 
two  equivalents  of  water,  and  fall  into  a 
white  powder,  which  is  called  plaster  of 
Paris.  It  again  rapidly  absorbs  water 
when  presented  to  it,  and  returns  to  its 
former  chemical  composition,  setting 
into  a  firm  and  durable  mass.  The  wa¬ 
ters  of  springs,  which  are  commonly 
designated  as  hard,  owe  their  unfitness 
for  domestic  purposes  chiefly  to  this 
salt  in  solution.  It  is  insoluble  in  alco¬ 
hol  or  the  acids.  At  a  white  heat  it 
may  be  melted  into  a  species  of  white 
enamel. 

The  well-known  uses  of  this  salt  m 
the  arts  are  various.  It  is  employed  as 
the  basis  of  various  cements  and  stuc¬ 
coes,  and  when  worked  up  with  a  pro¬ 
portion  of  gelatine  or  animal  glue,  is 
used  for  the  imitation  of  various  marbles 
and  porphyries  of  the  utmost  beauty  in 
our  buildings.  It  is  used  for  mouldings, 
and  for  taking  casts  of  the  greatest  de¬ 
licacy;  and  is  also  of  service  as  a  ma¬ 
nure  on  particular  kinds  of  soils,  and 
for  particular  crops. 

Sulphate  of  Baryta. — 1 1 8. 

(1  S.  40+1  B.  78.) 

(§  427.)  The  sulphate  of  baryta  is  also 
an  abundant  natural  product,  and  is 
easily  formed  artificially  by  double  de¬ 
composition  of  Ihe  soluble  salts  of  the 
same  base.  If  sulphuric  acid  be  poured 
upon  pure  baryta,  the  heat  produced  is 
so  great  as  to  cause  ignition.  It  is  per¬ 
fectly  insoluble  in  water,  alcohol,  or 
any  acid.  It  is  in  natural  crystals,  but 
can  only  be  produced  by  art  in  the  form 
of  a  ponderous  white  powder.  At  a  high 
temperature  it  fuses  into  an  opaque 
white  enamel,  and  has  been  employed  in 
the  manufacture  of  a  particular  kind  of 
fine  earthen  ware.  It  is  also  used  as  a 
pigment,  under  the  name  of  permanent 
white. 

The  sulphate  of  baryta  may  be  con¬ 
verted  into  a  sulphuret  by  calcination 
with  charcoal. 

The  extreme  insolubility  of  this  salt 
renders  the  soluble  salts  of  baryta  most 
delicate  tests  of  the  presence  of  sulphuric 
acid  (§415.) ;  and  it  has  been  calculated 
that  the  millionth  part  of  any  sulphate 
in  solution  may  be  detected  by  this 
means,  by  the  formation  of  a  distinct 
white  cloud. 
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Sulphate  of  Magnesia. — 60. 

(1  S.  40  +  1  M.  20.) 

(§  428.)  The  sulphate  of  magnesia  has 
long  been  known  by  the  name  of  Epsom 
salts :  it  being  a  principal  ingredient  in 
the  saline  springs  of  that  town,  as  well 
as  of  those  of  other  places.  It  is  now 
commonly  obtained  from  the  residue  of 
sea-water,  after  common  salt  has  been 
separated  from  it  by  evaporation.  When 
strong  sulphuric  acid  is  poured  upon 
magnesia,  intense  heat  is  excited  by 
their  mutual  action,  and  sometimes  ig¬ 
nition.  It  may  be  obtained  in  four-sided 
prismatic  crystals,  which  contain  seven 
equivalents  of  water,  which  may  be  ex¬ 
pelled  by  a  red  heat,  without  any  fur¬ 
ther  decomposition.  The  taste  of  this 
salt  is  slightly  bitter,  and  it  is  largely 
used  in  medicine.  It  may  be  made  to 
undergo  both  the  aqueous  and  igneous 
fusion.  It  is  soluble  in  its  own  weight 
of  water  at  60°,  and  in  three-fourths  of 
its  weight  212°.  When  calcined  with 
charcoal  it  does  not  afford  a  sulphuret 
like  the  other  salts  of  this  class  which 
we  have  described,  but  magnesia  and 
sulphur  are  the  products. 

Sulphate  of  Alumine. — 58. 

(1  S.40  +  1  A.  18.) 

(M2 9.)  The  sulphate  of  alumine  may 
be  obtained  by  the  direct  combination 
of  sulphuric  acid,  diluted  with  an  equal 
bulk  of  water,  and  pure  alumine.  It  is 
a  salt  of  littie  importance,  and  assumes 
the  form  of  lamellar  crystals,  with  a 
pearly  appearance,  which  contain  a  con¬ 
siderable  proportion  of  water  of  crystal¬ 
lization.  Its  taste  is  astringent  and 
sweet ;  it  is  taken  up  by  double  its 
weight  of  water  at  ordinary  tempera¬ 
tures,  and  at  a  white  heat  it  is  com¬ 
pletely  decomposed. 

Alum. 

(§  430.)  The  sulphate  of  alumine,  which 
we  have  described  above,  is  capable  of 
combining  with  several  other  salts  to 
form  a  class  of  double  salts  (§  394.),  to 
which  the  general  name  of  alum  has 
been  given.  Many  of  the  other  sul¬ 
phates  are  also  capable  of  forming 
double  salts,  but  we  have  passed  them 
by  as  possessing  little  interest.  Alum, 
on  the  contrary,  is  a  product  of  consi¬ 
derable  commercial  value,  and  much 
used  in  the  arts. 

Upon  pouring  into  a  concentrated  so¬ 
lution  of  sulphate  of  alumine  a  strong  so¬ 
lution  of  sulphate  of  potash,  a  precipitate 


will  be  formed,  which  is  the  double  salt 
in  question.  It  may  be  regarded  as  a 
compound  of 

3  equivalents  of  sulphate  ,,  49  -v 
of  alumine  .  .  .  J1'  '* 

‘ofpoS.  .S“lph‘,e}88««» 
25  ditto  water  225 
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It  possesses  a  well  known  sweetish 
astringent  taste,  reddens  vegetable  blues, 
and  is  soluble  in  5  parts  of  water  at 
60°  F.  It  crystallizes  in  very  perfect 
octohedral  forms.  When  it  is  exposed 
to  heat,  it  loses  the  whole  of  its  water, 
and  part  of  the  acid  is  decomposed :  it 
becomes  very  light  and  spongy,  and  is 
known  by  the  name  of  burnt  alum. 
When  alum  is  strongly  heated  with  mi¬ 
nutely  divided  charcoal,  a  very  remark¬ 
able  product  is  obtained,  which  has  long 
been  known  by  the  name  of  Humbergs 
Pyrophorus.  The  process  is  best  con¬ 
ducted  by  mixing  equal  parts  of  flour  or 
sugar  with  the  powdered  salt  in  an  iron 
ladle,  melting  the  mixture  over  a  fire, 
and  stirring  it  till  dry.  The  mass  should 
be  reduced  to  powder,  and  introduced 
into  a  phial,  coated  with  clay,  and  placed 
in  a  crucible  of  sand.  It  should  then 
be  heated  red  till  a  blue  flame  appears 
at  the  opening  of  the  phial,  which  may 
be  allow'ed  to  burn  for  about  five  mi¬ 
nutes,  when  it  must  be  removed  from 
the  fire,  and  the  bottle  carefully  stopped. 
When  a  little  of  this  powder  is  exposed 
to  the  air  it  spontaneously  inflames.  In 
this  decomposition  a  sulphuret  of  potas¬ 
sium  is  formed  by  the  deoxidation  of 
the  sulphuric  acid  and  potash.  The  sul¬ 
phate  of  alumine  is  also  decomposed, 
but  the  alumine  having  no  affinity  for 
the  sulphur,  the  latter  remains  in  excess, 
and  burns  away  when  the  sulphuret  of 
potassium  is  ignited  by  the  moisture 
which  it  absorbs  from  the  air. 

An  alum  is  also  produced  by  the  sub¬ 
stitution  of  sulphate  of  soda  for  the  sul¬ 
phate  of  potash.  It  is  an  efflorescent 
salt,  and  appears  to  contain  more  water 
of  crystallization  than  the  preceding ; 
sulphate  of  ammonia  may,  likewise,  take 
the  place  of  the  salts  of  fixed  alkalies.  It 
crystallizes  exactly  in  the  same  form, 
but  it  is  entirely  decomposed  by  heat. 
Oxygen,  sulphurous  acid,  and  ammonia, 
are  produced,  and  pure  alumine  remains 
behind. 

Alum  is  of  extensive  use  in  dyeing  and 
calico  printing,  in  consequence  of  the 
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attraction  of  its  "base  for  colouring  mat¬ 
ters. 

It  is  prepared  on  a  large  scale  by 
roasting  and  lixiviating  certain  schists  or 
clays  which  contain  pyrites  or  sulphuret 
of  iron.  To  the  lixivia  a  proper  propor¬ 
tion  of  sulphate  of  potash  is  added,  and 
the  double  salt  is  obtained  by  evaporation 
and  crystallization. 

The  Hypo-sulphites. 

(§  431.)  We  have  stated  (§  120.)  that 
the  hypo- sulphurous  acid  cannot  be  se¬ 
parated  from  the  bases  with  which  it  is 
combined,  without  undergoing  decompo¬ 
sition;  this  class  of  salts  is,  neverthe¬ 
less,  of  constant  composition  and  well 
characterized.  They  are  nearly  all  solu¬ 
ble,  but  a  few  of  them  sparingly  so.  They 
have  a  sulphurous  taste.  They  are  more 
easily  decomposed  by  heat  than  even 
the  sulphites ;  a  sulphate  is  produced 
and  the  excess  of  sulphur  separated. 
They  are  not  changed  by  contact  with 
the  air  at  common  temperatures.  When 
a  stronger  acid  is  poured  into  the  solu¬ 
tion  of  a  hypo-sulphite,  the  liquid  does 
not  at  first  become  troubled,  but  after  a 
little  time  sulphur  precipitates :  the  hypo- 
sulphurous  acid  is  disengaged,  but  at 
the  same  moment  is  resolved  into  sul¬ 
phurous  acid  and  sulphur.  There  are 
nearly  as  many  hypo-sulphites  as  there 
are  bases;  but  they  are  of  little  inte¬ 
rest  and  have  not  been  applied  to  any 
use. 

Hypo-sulphite  of  Potash. 

(§  432.)  The  hypo-sulphite  of  potash 
may  be  formed,  by  decomposing  hydro- 
sulphuret  of  potash  (a  salt  presently  to 
be  described),  by  sulphurous  acid  and 
evaporating  the  solution.  Acicular  crys¬ 
tals  may  thus  be  obtained  of  a  cooling, 
but  bitter  taste,  which  attract  moisture 
from  the  air.  If  its  solution  be  carefully 
evaporated  to  dryness,  and  the  heat 
gradually  raised,  the  salt  takes  fire  and 
burns  like  tinder.  By  exposure  to  air  it 
first  becomes  converted  into  sulphite  and 
afterwards  into  sulphate  of  potash.  Its 
solution  readily  dissolves  moist  chloride 
of  silver. 

Hypo-sulphite  of  Lime. 

(§  433.)  The  hypo-sulphite  of  lime  may 
be  procured  by  passing  sulphurous  acid 
through  an  aqueous  solution  of  sulphu¬ 
ret  of  lime.  By  filtration  and  evapora¬ 
tion,  at  a  temperature  not  exceeding  140° 
F.,  it  may  be  obtained  in  crystals.  It  is 
decomposed  by  a  temperature  of  212°F. 


The  crystals  are  soluble  in  water,  but 
not  in  alcohol :  they  consist  of 

1  equivalent  of  lime  .  .  .  .28 

2  do.  hypo-sulphurous  acid  .  48 

6  do.  water . 54 
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Hypo-sulphite  of  Baryta. 

(§  434.)  The  hypo-sulphite  of  baryta  is 
thrown  down  on  pouring  muriate  of 
baryta  into  a  strong  solution  of  hypo¬ 
sulphite  of  lime :  it  is  in  the  form  of  a 
white  powder,  which  is  soluble,  without 
decomposition,  in  muriatic  acid ;  and  at 
a  low  heat  takes  fire. 

Hypo-sulphite  of  Silver. 

(§  435.)  This  salt  is  composed  by 
dropping  a  weak  solution  of  nitrate  of 
silver  into  a  dilute  solution  of  hypo¬ 
sulphite  of  soda  (which  may  be  formed, 
by  an  analogous  process  to  the  hypo¬ 
sulphite  of  potash).  It  forms  a  grey 
precipitate,  and  the  supernatant  liquid 
tastes  intensely  sweet;  which  is  the  more 
remarkable,  as  both  the  original  salts 
are  nauseously  bitter.  Hence  we  may 
argue — “  how  little  we  know  of  the  way 
in  which  bodies  affect  the  organs  of 
taste.  Sweetness  and  bitterness,  like 
acidity,  seem  to  depend  upon  no  parti¬ 
cular  principle,  but  to  be  regulated  by  the 
state  of  combination  in  which  the  same 
principles  exist  at  different  times.” 

Hypo-sulphite  of  silver  is  also  pro¬ 
duced  whenever  the  chloride  of  silver  is 
taken  up  by  a  solution  of  any  of  the 
hypo-sulphites,  a  solution  which  most  of 
them  are  capable  of  effecting.  The 
combination  is  at  all  times  characterized 
by  its  peculiar  sweet  taste,  which  is  en¬ 
tirely  free  from  any  metallic  flavour. 

The  Hypo-sulphates. 

(§436.)  The  hypo-sulphates  may  easily 
be  recognized  by  pouring  upon  them 
strong  sulphuric  acid :  the  hypo-sulphuric 
acid  (§  121.)  is  thus  disengaged  and  de¬ 
composed  by  the  heat  evolved  with  ex¬ 
trication  of  sulphurous  acid.  They  are 
not  affected  by  exposure  to  the  air. 
When  strongly  heated  with  combustible 
bodies,  they  afford  the  same  products  as 
the  sulphates.  No  precipitate  is  formed 
when  solutions  of  any  of  the  salt  s  of  baryta 
are  added  to  them ;  as  the  hypo-sulphate 
of  baryta,  unlike  the  sulphate,  is  a  solu¬ 
ble  salt. 

Hypo-sulphate  of  Manganese. 

(§  437.)  We  have  stated  in  another 
place  (§  121.),  that  by  passing  sulphu 
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rous  acid  through  water  in  which  finely- 
pounded  peroxide  of  manganese  is  sus¬ 
pended,  the  peroxide  yields  part  of  its 
oxygen  to  the  acid,  and  converts  one 
portion  into  sulphuric  and  another  into 
hypo  -  sulphuric  acid.  Sulphate  and 
hypo-sulphate  of  manganese  are  both 
produced  ;  and  by  pouring  lime  into  the 
mixed  solution,  the  oxide  of  manganese 
is  thrown  down  with  an  insoluble  sul¬ 
phate  of  lime,  while  a  soluble  hypo- 
sulphate  of  lime  is  left  in  solution. 

The  solution  of  hypo-sulphate  of  man¬ 
ganese  affords  a  deliquescent  salt  by 
evaporation. 

Hypo- sulphate  of  Baryta. 

§438.)  The  hypo-sulphates  of  baryta, 
potash,  soda,  &c.,  may  easily  be  obtained 
from  the  hypo-sulphate  of  lime  above 
described ;  as  all  these  substances  pre¬ 
cipitate  the  lime.  The  hypo-sulphate  of 
baryta  is  a  brilliant  salt,  and  crystallizes 
easily.  It  is  composed  of  1  equivalent 
of  acid  and  l  of  base,  and  when  in  crys¬ 
tals  contains  8  equivalents  of  water.  It 
is  readily  soluble.  It  is  from  this  salt 
that  the  pure  hypo-sulphuric  acid  (§  121.) 
is  produced,  and  the  process  will  now  be 
readily  understood.  Sulphuric  acid  is 
carefully  dropped  into  its  solution,  in 
quantity  just  sufficient  to  precipitate  all 
the  baryta,  a.-'1  the  hypo-sulphuric  acid 
remains  in  the  liquid".  The  acid  is  de¬ 
composed  by  a  heat  below  that  of  boiling 
water. 

The  Hydro-sulphurets,  ok  Sul- 

PHURETS. 

(§439.)  Sulphur,  we  have  seen  (§122.), 
is  capable  of  acidification  by  its  union 
with  hydrogen  as  well  as  with  oxygen  ; 
and  it  is  again,  with  reference  to  our 
general  remarks  upon  the  hydro-acids 
(§  362.),  that  we  shall  proceed  to  charac¬ 
terize  the  combinations  which  this  acid 
forms  with  the  several  bases. 

When  the  sulphurets  are  soluble  in 
water,  (in  which  case  they  are  commonly 
designated  as  hydro-sulphurets,  and  are 
considered  as  combinations  of  sulphuret¬ 
ted  hydrogen  with  the  oxides,)  they  are 
decomposed  by  the  acids,  and  give  rise 
to  a  disengagement  of  sulphuretted  hy¬ 
drogen.  They  precipitate  all  metallic 


substances,  but  are  in  their  turn  decom¬ 
posed  by  chlorine,  bromine,  and  iodine, 
all  of  which  have  a  greater  affinity  to  the 
bases  than  sulphur.  The  solutions  of 
the  hydro-sulphurets  are  all  nearly  co¬ 
lourless,  but  by  exposure  to  air  they 
absorb  oxygen ;  part  of  the  hydrogen  is 
detached  from  the  acid,  which  is  thus 
converted  into  bi-sulphuretted  hydrogen, 
the  combinations  of  which  are  of  a  yel¬ 
low  colour. 

The  insoluble  sulphurets  may  be  re¬ 
cognised  by  treating  them  with  diluted 
nitric,  or  weak  nitro-muriatic  acid,  when 
sulphur  will  be  precipitated. 

Sulphuret  of  Potassium,  or  Hudro-sul- 
phuret  of  Potash,  and  Sulphurets  of 
the  other  Alkaline  Metals. 

(§440-)  When  40  parts  of  potassium  are 
heated  with  16  of  sulphur,  in  a  tube 
from  which  the  atmospheric  air  has 
been  exhausted,  they  act  very  energeti¬ 
cally  upon  each  other,  with  the  extrica¬ 
tion  of  much  light  and  heat :  the  result¬ 
ing  compound,  sulphuret  of  potassium, 
is  of  a  brownish  grey  colour.  The  same 
compound  may  be  obtained  on  a  large 
scale  by  passing  hydrogen  through  a 
redhot  tube  containing  sulphate  of  pot¬ 
ash.  The  hydrogen  unites  with  the 
oxygen  both  of  the  acid  and  the  base  ; 
water  is  formed,  and  the  sulphur  left  in 
combination  with  the  metal.  It  is  deli¬ 
quescent,  and  not  very  inflammable. 

It  readily  dissolves  in  water,  and 
affords  a  colourless  solution.  A  simi¬ 
lar  solution  is  obtained  by  passing  sul¬ 
phuretted  hydrogen  into  a  solution  of 
potash  in  water.  If  the  process  be  con¬ 
tinued  to  saturation,  a  fo’-hydro-sulphuret 
will  be  produced,  which  may  be  restored 
to  the  neutral  state  by  the  addition  of  a 
quantity  of  potash  equal  to  that  origi¬ 
nally  employed.  Hydro-sulphuret  of 
potash  may  therefore  be  regarded  as 
sulphuret  of  potassium  in  solution. 
Sulphuret  of  potassium  is  composed  of 
1  equivalent  of  sulphur  .  1 6 

1  ditto  potassium  .  .  40 

56 

pdro-sulphuret  of  potash  is  composed  of 


1  equivalent  of  sulphuretted  hydrogen 
1  ditto  potash 


=  17  = 
=  48  = 


1  sulphur  = 
1  hydrogen  = 
i  oxygen  = 
1  potassium  = 


16 

g  }  1  water 
40 


=  9 
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Bi-Hydro-Sulphuret  of  Potash. 

(§441.)  The  hydro-sulphuret  above  de¬ 
scribed  is  not  susceptible  of  crystalli¬ 
zation,  but  when  sulphuretted  hydrogen 
is  passed  into  solution  of  potash  to  satu¬ 
ration,  crystals  may  be  obtained  of  the 
form  of  six-sided  prisms,  which  are  de¬ 
liquescent  and  soluble  both  in  water  and 
alcohol.  This  bi-sulphuret  has  an  alka¬ 
line  bitter  taste,  and  notwithstanding  its 
being  a  6i-salt  changes  yellow  vegetable 
colours  to  red. 

(§  442.)  Analogous  compounds,  with 
sulphur  and  sulphuretted  hydrogen,  may 
be  formed  with  the  other  alkaline  metals 
and  their  oxides,  but  their  individual  de¬ 
scription  need  not  detain  us.  They  may 
all  be  prepared  by  passing  an  excess  of 
sulphuretted  hydrogen  gas  through  these 
bases  dissolved  or  diffused  in  water. 

Sulphur ets  of  Iron  and  other  Non- 
Alkaline  Metals. 

(§443.)  The  proto-sulphuret  of  iron 
(§296.)  is  precipitated  by  adding  any  of 
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the  alkaline  hydro-sulphurets  to  solu¬ 
tions  of  the  proto-salts  of  iron. 

The  bi-sulphuret  (§297.)  may  be  pro¬ 
cured  by  passing  a  current  of  sulphuret¬ 
ted  hydrogen  over  peroxide  of  iron  at  a 
temperature  just  below  redness.  In 
general  most  of  the  solutions  of  the  non- 
alkaline  metals  form  precipitates  with 
sulphuretted  hydrogen  or  the  hydro-sul¬ 
phuretted  alkalies,  and  when  the  metal 
is  susceptible  of  two  degrees  of  oxidation 
sulphurets  of  both  may  be  obtained  pro¬ 
portional  to  the  degree  of  oxidation,  as 
the  oxygen  decomposes  a  quantity  of 
sulphuretted  hydrogen  equivalent  to  its 
own  amount.  These  precipitates  are 
distinguished  by  various  colours.  After 
they  Have  been  dried  at  common  tem¬ 
peratures,  they  give  off  water  by  heat, 
and  they  may  be  considered  as  hydrated 
sulphurets  of  the  metals  or  hydro-sul¬ 
phurets  of  the  oxides. 

The  following  Table  exhibits  the  co¬ 
lours  of  some  of  the  precipitates  of  the 
metals  asproduced  by  hydro-sulphuretted 
hydrogen  and  hydro-sulphuret  of  ammo¬ 
nia  (§  193.). 


Table  V. 


Metal. 

Solution. 

Sulp.  Hydrogen. 

Hyd.  Sul.  Amm 

Mercury . 

Acid  Nitrate . 

Black . 

Black 

Do . 

Pernitrate  . . 

Do . 

Do. 

Do . 

j  Corrosive  Sub- ) 
(limate . J 

Brown . 

Do. 

Silver . 

Nitrate . . 

Black . 

Browm 

Gold . 

Muriate  . 

Do . . 

Yellow 

Platinum . 

Muriate  . 

Deep  Brown  . . 

Pale  Brown 

Nickel . 

Sulphate . 

Black 

Lead . 

Muriate  &  Nitrate 

Black  . 

Brown  &  Black 

Copper . 

Protomuriate  .... 

Deep  Brown  . . 

Brown 

Do . 

Pernitrate . 

Black . 

Brown  &  Black 

Bismuth . 

j  Tartrate  of  Bis- 1 
j  muth  &  Potash! 

Deep  Brown  . . 

Deep  Brown 

Titanium . 

Acid  Muriate  .... 

Black 

Do . 

Neutral  Sulphate. 

Green 

Cobalt . 

Muriate . 

Copious  Black 

Uranium . 

Sulphate . 

Brown . 

Blackish  Brown 

Antimony  .... 

Tartrate  of&Potash 

Orange  Red  . . 

Bright  Orange 

Chromium. . . . 

Muriate . 

Green 

Arsenic . 

Yellow . 

Yellow 

Tin . 

Acid  Protomuriate 

Brown . 

Orange 

Iron . 

Protosulphate. . . . 

Black 

Do . 

Permuriate . 

Black . 

Do. 

Zinc . 

Muriate . 

Straw'-coloured 

Cadmium  .... 

Muriate . 

Yellow . 

Yellow 

Manganese  . . . 

Protomuriate  .... 

Ochre  Yellow. 

The  colour  of  these  precipitates  is  often  employed  to  distinguish  the  various 

metals  in  solution. 
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The  Sulphuretted  Hydro-sul- 
phurets. 

(§  444.)  We  have  observed  (§  339.)  that 
the  colourless  hydro-sulphurets  are  de¬ 
composed  by  exposure  to  air,  the  oxy¬ 
gen  of  which  abstracts  part  of  their 
hydrogen,  and  leaves  the  bases  com¬ 
bined  with  bi-sulphuretted  hydrogen 
(§  124.),  and  of  a  yellow  colour.  These 
compounds  may  be  distinguished  by  the 
name  of  sulphuretted  hydro-sulphurets, 
as  the  title  of  bi-hydro-sulphurets  would 
confound  them  with  the  combinations  of 
two  equivalents  of  sulphuretted  hydro¬ 
gen  (§  441.).  They  may  be  prepared  by 
digesting  sulphur  in  solutions  of  the 
alkaline  hydro-sulphurets.  They  are 
also  formed  when  alkalies,  or  the  alka¬ 
line  earths,  are  boiled  with  sulphur  and 
water  ;  but  in  this  case  they  are  mixed 
with  other  salts,  the  oxygen  of  part  of 
the  base  acidifying  a  portion  of  the  sul¬ 
phur  and  uniting  with  another  part. 

The  salts  of  bi-sulphuretted  hydrogen 
absorb  oxygen  rapidly  from  the  air,  and 
are  gradually  converted  into  hypo-sul¬ 
phites,  a  change  which  is  at  once  ef- 

1  equivalent  of  bi-sulphuretted  hydrogen 
1  ditto  potash 


fected  by  sulphurous  acid.  Dilute  mu¬ 
riatic  and  sulphuric  acids  produce  in 
them  a  deposition  of  sulphur  and  evo¬ 
lution  of  sulphuretted  hydrogen  gas. 
When  these  solutions  are  poured  into 
solutions  of  the  non-alkaline  metals, 
sulphuretted  hydrogen  is  given  off,  and 
simple  sulphurets  are  precipitated. 

Sulphuretted  Hydro-sulphuret  of 
Potash. 

(§  445.)  If  40  parts  of  potassium  be 
heated,  out  of  the  contact  of  air,  with 
32  parts  of  sulphur — instead  of  16,  as 
directed  above  ($  440.) — a  brown  fusible 
substance  will  be  obtained,  permanent 
at  a  red  heat.  This  bisulphuret  of  po¬ 
tassium  is  converted,  by  the  action  of 
water,  into  a  solution  of  sulphuretted 
hydro-sulphuret  of  potash. 

The  bi-sulphuret  of  potassium  is  com¬ 
posed  of 

2  equivalents  of  sulphur  .  .  32 

1  ditto  potassium  .  40 


72 


The  sulphuretted  hydro-sulphuret  of 
33=  {j 


48 


2  sulphur  32 
.1  hydrogen 
_  fl  oxygen  8 
"  U 


gj  =  1  water  =  9. 
potassium  40 


81 


81 


The  aqueous  solution  is  of  a  yellow  co¬ 
lour  ;  and  when  diluted  acids  are  added 
to  it,  sulphuretted  hydrogen  is  given  off, 
and  sulphur  precipitated  (§  446.).  These 
compounds  are  capable  of  taking  up 
additional,  but  variable  proportions  of 
sulphur ;  but  it  is  uncertain  whether 
any  definite  compounds  are  produced, 
except  such  as  are  analogous  to  those 
which  we  have  already  noticed. 

Chapter  XIX. 

On  the  Phosphates — Phosphites — and 
Hypo-phosphites. 

(§  447.)  The  salts  formed  by  the  phos¬ 
phoric  acid  134.)  may  be  distinguished 
from  those  of  the  volatile  acids  by  pour¬ 
ing  upon  them  sulphuric  acid,  when  no 
gaseous  product  will  be  given  off' ;  and 
the  only  salts  of  fixed  acids  with  which 
they  are  liable  to  be  confounded  are  the 
sulphates,  borates,  and  arseniates,  each 
of  which  may  be  identified  by  very  dis¬ 
tinct  characters.  The  phosphates,  with 
fixed  bases,  sustain  a  red  heat  without 


decomposition,  but  are  all  fusible  at  a 
high  temperature.  The  neutral  phos¬ 
phates  of  potash,  soda,  and  ammonia, 
are  abundantly  soluble  in  water,  but  all 
the  others  very  sparingly ;  they  are,  how¬ 
ever,  without  exception,  taken  up  with¬ 
out  effervescence  by  excess  of  phospho¬ 
ric  or  nitric  acids,  from  which  they  are 
again  precipitated,  without  change,  by 
ammonia. 

When  lime-water  is  added  to  any 
soluble  phosphate,  a  gelatinous  white 
precipitate  is  formed,  which  much  re¬ 
sembles  a  precipitation  of  alumine. 

The  neutral  phosphate  of  lead  is  inso¬ 
luble  in  water,  but  soluble  in  acids. 
When  fused  before  the  blowpipe,  (a 
metallic  tube  with  a  lateral  jet,  by  which 
a  stream  of  air  from  the  mouth  can  be 
directed  upon  the  flame  of  a  candle  in 
such  a  manner  as  to  concentrate  its 
force  upon  minute  particles  of  any 
matter  which  it  may  be  wished  to  expose 
to  an  intense  heat,)  it  fuses,  and,  when 
suffered  to  cool,  sets  into  a  very  distinct 
polyhedral  form;  and  at  the  same  in- 
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slant  becomes  incandescent.  This  very 
remarkable  character  may  be  generally 
applied  to  distinguish  the  phosphates. 
If  the  salt  should  be  soluble,  a  solution 
of  any  salt  of  lead  will  precipitate  the 
insoluble  phosphate  of  that  metal ;  and, 
if  insoluble,  the  salt  of  lead  may  be 
added  to  it  with  excess  of  any  acid,  as 
the  nitric,  when  the  precipitate  may  be 
treated  as  above. 

Phosphate  of  Soda. — 60. 

(1  P.  28  +  1  S.  32.) 

($  448.)  The  phosphate  of  soda  may  be 
directly  prepared  by  neutralizing  phos¬ 
phoric  acid  with  soda :  a  slight  excess 
of  the  alkali  should  be  allowed  to  pre¬ 
dominate.  The  salt  forms  in  rhomboidal 
crystals,  which  contain  twelve  equiva¬ 
lents  of  water.  Its  taste  is  cool,  saline, 
and  devoid  of  bitterness,  and  on  this 
account  is  often  employed  in  medicine 
instead  of  sulphate  of  magnesia.  When 
exposed  to  the  air  it  effloresces;  but 
although  the  crystals  on  this  account 
become  opaque,  they  do  not  part  with 
the  whole  of  their  water.  At  a  high 
temperature,  however,  the  whole  may  be 
driven  off,  the  salt  first  undergoing  the 
aqueous,  and  afterwards  the  igneous 
fusion. 

Phosphate  of  soda  is  manufactured 
on  a  large  scale  by  neutralizing  the  phos¬ 
phoric  acid,  procured  by  the  action  of 
sulphuric  acid  on  burned  bones  (§  130.), 
with  carbonate  of  soda. 

A  bi- phosphate  of  soda  may  be  formed, 
consisting  of  two  equivalents  of  acid, 
one  of  base,  and  four  of  water,  which 
crystallizes  in  a  very  different  form  from 
the  preceding. 

A  double  phosphate  of  soda  and  am¬ 
monia  may  also  be  easily  prepared  by 
dissolving  one  equivalent  of  muriate  of 
ammonia  and  two  of  phosphate  of  soda 
in  boiling  water.  It  has  long  been  known 
by  the  name  of  microcosmic  salt,  and  is 
much  employed  as  a  Auxin  experiments 
with  the  blowpipe.  It  parts  with  its 
ammonia  and  its  water  at  a  high  tempe¬ 
rature,  and  is  converted  into  the  very 
fusible  bi-phosphate  of  soda. 

Phosphates  of  Lime. 

(§  449.)  There  is  a  considerable  differ¬ 
ence  of  opinion  amongst  chemists  as  to 
the  number  of  combinations  which  the 
phosphoric  acid  forms  with  lime.  By 
pouring  phosphate  of  soda  into  muri¬ 
ate  of  lime,  a  white  precipitate  is  ob¬ 
tained,  which  is  the  neutral  phosphate 


of  lime,  composed  of  1  equivalent  of 
acid,  1  of  base,  and  2  of  water.  It  is 
precipitated  in  the  form  of  small  crys¬ 
tals,  attached  together  by  their  extre¬ 
mities  in  a  divergent  form. 

If,  on  the  other  hand,  muriate  of  lime 
be  very  gradually  added  to  phosphate  of 
soda,  leaving  the  latter  in  excess,  a  very 
different  precipitate  will  be  obtained, 
consisting  of  sub-phosphate  of  lime, 
corresponding  in  composition  to  the  re¬ 
sidue  of  calcined  bones  (§  130.).  A  bi¬ 
phosphate  of  lime  may  also  be  formed  by 
saturating  the  neutral  phosphate  with 
phosphoric  acid.  The  solution  by  spon¬ 
taneous  evaporation  crystallizes  in  the 
form  of  small  pearly  plates. 

All  the  phosphates  of  lime  are  decom¬ 
posed  by  sulphuric  acid,  which  forms 
sulphate  of  lime,  and  disengages  the 
phosphoric  acid. 

Phosphate  of  Lead. — 140. 

(1  P.  28  +  1  L.  112.) 

(§  450.)  The  phosphate  of  lead  cannot 
be  directly  formed  on  account  of  the 
insolubility,  both  of  the  base  and  its  re¬ 
sulting  combination  with  the  acid.  How¬ 
ever  minutely  the  former  may  be  me¬ 
chanically  divided,  the  action  can  only 
be  superficial.  It  may,  however,  be 
readily  produced  by  double  decomposi¬ 
tion.  By  mixing  solutions  of  nitrate  of 
lead  and  phosphate  of  soda,  it  is  preci¬ 
pitated  in  the  form  of  a  yellowish  white 
powder,  which  is  insoluble  in  water,  but 
soluble  in  nitric  acid,  and  in  alkaline 
solutions.  It  readily  melts  by  the  appli¬ 
cation  of  heat,  and,  upon  cooling,  crys¬ 
tallizes  in  so  singular  a  manner  as  to 
furnish  a  ready  method  of  detecting  the 
presence  of  any  phosphate,  by  first  con¬ 
verting  it  into  this  salt  (§  447.). 

The  phosphate  of  lead  exposed  to  a 
white  heat,  in  contact  with  charcoal,  is 
readily  decomposed,  and  phosphorus  is 
produced ;  but  the  metallic  phosphates, 
in  general,  are  converted  into  phos- 
phurets  by  sufficient  elevation  of  tempe¬ 
rature. 

The  Phosphites. 

(§  451.)  The  salts  which  are  formed  by 
the  phosphorous  acid  ($  132.)  have  the 
same  general  characters  as  the  phos¬ 
phates  ;  into  which  class  they  are  con¬ 
verted  by  the  application  of  heat.  They 
are  of  very  little  importance :  three  only 
of  them  are  very  soluble ;  namely,  the 
phosphites  of  ammonia,  potash,  and 
soda.  They  may  be  formed  by  pouring 
phosphorous  acid  into  solutions  of  these 
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bases  till  they  are  neutralized.  The  so¬ 
lution  must  be  evaporated  till  it  attains 
the  temperature  of  about  120°,  when  a 
separation  will  take  place:  the  neutral 
salt  will  be  deposited,  and  a  salt  with 
excess  of  acid  remain  dissolved. 

The  Hypo-phosphites. 

(§  452.)  The  salts  of  the  hypo-phos¬ 
phorous  acid  (§  135.)  are  analogous  to 
those  of  the  hypo-sulphurous  (§  43G.), 
and  possess  but  little  interest.  They  are 
all  soluble  in  water.  When  heated,  they 
give  off  phosphuretted  hydrogen  gas 
from  the  decomposition  of  the  water 
which  they  contain,  and  they  are  con¬ 
verted  into  phosphates.  When  thrown 
upon  ignited  coals,  they  bum  with  a 
bright  yellow  flame.  Solutions  of  these 
salts,  exposed  to  the  atmosphere,  absorb 
oxygen,  and  are  converted  into  phos¬ 
phates. 

Hypo-phosphite  of  Baryta. 

(§  453.)  A  compound  of  barium  and 
phosphorus,  or  a  phosphuret  of  barium, 
may  be  formed  by  passing  the  vapour  of 
phosphorus  over  heated  baryta.  The 
action  is  intense — phosphate  of  baryta 
is  produced ;  and  the  phosphuret  of  the 
base,  of  a  metallic  lustre.  When  thrown 
into  water,  phosphuretted  hydrogen  is 
given  off,  and  spontaneously  inflames  in 
the  air,  and  a  hypo-phosphite  of  baryta 
remains  in  solution.  By  evaporation  it 
may  be  collected  in  the  form  of  pris¬ 
matic  crystals.  It  is  from  the  solution 
of  this  salt  that  the  hypo-phosphorus 
acid  is  obtained  as  already  described 
(§  135.).  The  baryta  is  carefully  preci¬ 
pitated  by  sulphuric  acid,  and  the  acid 
disengaged. 

Chapter  XX. 

On  the  Carbonates  and  Borates. 

(§  454.)  The  carbonic  acid  (§  156.)  by 
its  union  with  the  different  bases  forms 
carbonates,  bi-carbonates,  and  sesqui- 
carbonates,  whose  general  properties 
very  much  resemble  each  other.  When 
exposed  to  heat  they  all  lose  their  acid, 
except  the  carbonates  of  potash,  soda, 
and  lithia ;  and  the  salts  of  these  bases 
which  contain  more  than  one  equivalent 
of  carbonic  acid,  are  reduced  to  the 
state  of  neutral  carbonates  by  elevation 
of  temperature.  The  carbonates  of  ba¬ 
ryta  and  strontia  require,  however,  an 
intense  white  heat  for  their  decomposi¬ 
tion  ;  while  those  of  lime  and  magnesia 
are  reduced  to  the  caustic  state  by  a  full 


red  heat,  and  those  of  the  other  bases 
are  decomposed  at  a  less  temperature. 
They  are,  without  any  exception,  decom¬ 
posed  by  a  high  heat  when  mixed  with 
charcoal,  which  takes  half  the  oxygen 
from  the  carbonic  acid,  and  produces 
carbonic  oxide. 

They  are  universally  decomposed  by 
the  acids  with  strong  effervescence  of 
carbonic  acid,  and  are  thus  easily  recog¬ 
nised. 

All  the  combinations  of  the  carbonic 
acid  with  potash,  soda,  and  ammonia, 
are  soluble  in  water  ;  those  of  lithia  but 
little  so ;  and  those  of  the  other  bases 
are  insoluble  :  an  excess  of  carbonic  acid 
in  solution  will,  however,  take  up  more 
or  less  of  all  the  salts  of  this  class. 

The  soluble  carbonates  are  but  little 
taken  up  by  alcohol. 

Carbonate  of  Potash. — 70. 

(1  C.  22+1  P.  48.) . 

(§  455.)  This  salt  is  obtained  in  an  im 
pure  form  by  burning  vegetables,  which 
do  not  grow  in  a  soil  impregnated  with 
sea  salt,  lixiviating  their  ashes,  and  eva¬ 
porating  the  solution  to  dryness.  In 
this  state  it  is  found  in  commerce  under 
the  names  of  potash  and.  pearl-ash,  and 
is  largely  employed  in  the  manufactures 
of  glass  and  soap.  It  may  be  prepared 
in  greater  purity  by  heating  ci-eam  of 
tartar  (bi-tartrate  of  potash,  hereafter  to 
be  described)  to  redness :  a  pure  carbo¬ 
nate  of  potash  mixed  with  charcoal  is 
the  result  of  this  operation.  It  may  be 
purified  by  dissolving  it  in  water,  filter- 
ing  and  evaporating  to  dryness  in  a  sil-  j 
ver  vessel. 

Its  taste  is  strongly  alkaline,  but  not 
caustic,  and  it  changes  vegetable  co¬ 
lours  to  green.  It  is  very  soluble  in 
water,  which  will  take  up  its  ow’n  weight 
of  the  salt ;  and  it  deliquesces  rapidly  in 
the  air.  It  may  be  obtained  in  crystals 
with  difficulty,  which  contain  two  equiva¬ 
lents  of  water.  It  is  insoluble  in  alco¬ 
hol,  and  fuses  at  a  red  heat  without 
change.  If  steam  be  passed  over  car¬ 
bonate  of  potash  in  a  redhot  tube,  its 
carbonic  acid  will  be  expelled,  and  a 
hydrate  of  potash  formed ;  and  on  the 
other  hand,  if  a  current  of  carbonic  acid 
gas  be  passed  over  the  hydrate,  the 
water  will  be  displaced,  and  the  carbo¬ 
nate  reproduced.  This  is  a  consequence 
of  the  law  to  which  we  have  previously 
adverted  (§  365.),  by  which  two  acids 
divide  a  base  between  them.  The  water, 
by  its  affinity  for  the  potash,  performs 
the  part  of  an  acid,  and,  when  applied  in 
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excess  will  totally  displace  the  limited 
quantity  of  carbonic  acid  in  the  carbo¬ 
nate  ;  and  on  the  contrary,  when  the 
carbonic  acid  is  in  excess,  it  will  finally 
expel  the  limited  amount  of  water  in 
the  hydrate.  A  few  of  the  metals  and 
charcoal,  at  very  high  temperatures,  de¬ 
compose  this  salt  with  the  production  of 
potassium. 

Bi-Carbonate  of  Potash. — 92. 

(2  C.  44  +  1  P.  48.) 

(§  456.)  When  carbonic  acid  is  passed 
through  a  solution  of  potash,  or  of  the 
carbonate,  to  saturation,  the  bi-carbo¬ 
nate  is  formed.  Jn  crystals,  it  contains 
one  equivalent  of  water.  Its  taste  is 
slightly  alkaline,  and  it  acts  but  weakly 
upon  vegetable  colours.  It  requires  four 
parts  of  water  at  60°  for  its  solution. 
Jt  parts  with  a  portion  of  its  acid  at  the 
mere  temperature  of  ebullition,  and  is 
converted  into  the  carbonate  by  a  red 
heat. 

Sesqui-Carbonate  of  Potash. — 81. 

(1*C.  33  +  1  P.  48.) 

($  457. )  When  a  solution  of  the  bi-car¬ 
bonate  of  potash  is  boiled  till  carbonic 
acid  is  no  longer  given  off,  it  forms,  on 
cooling,  deliquescent  crystals,  which  are 
insoluble  in  alcohol.  They  contain  six 
equivalents  of  water,  and  one  and  a  half 
equivalent  of  acid  to  one  of  the  base. 
The  same  salt  may  be  procured  by  dis¬ 
solving  100  parts  of  carbonate,  and  131 
parts  of  bi-carbonate  of  potash  in  water. 

Carbonate  of  Soda. — 54. 

(1  C.  22  +  1  S.  32.) 

(§  458.)  Impure  carbonate  of  soda  is 
obtained  by  lixiviating  the  ashes  of  sea¬ 
weeds,  as  carbonate  of  potash  is  pro¬ 
cured  from  the  ashes  of  land-plants.  It 
may  be  obtained  pure  by  calcining  a 
salt  called  the  acetate  of  soda,  dissolving 
the  product  in  water,  and  filtering  and 
evaporating  the  solution.  It  is  soluble 
in  twice  its  weight  of  water  at  60°  and 
in  less  than  its  own  weight  at  212°.  Its 
taste  is  very  alkaline,  and  it  turns  ve¬ 
getable  blue  colours  to  green.  It 
readily  forms  crystals  which  contain 
10  equivalents  of  water.  It  effloresces 
in  the  air,  parting  with  a  portion  only 
of  its  water  of  crystallization;  and  it 
undergoes  aqueous  fusion  upon  expo¬ 
sure  to  heat.  Like  the  carbonate  of 
potash,  it  may  be  decomposed  by  vapour 
of  water  at  a  red-heat,  and  the  resulting 
hydrate  is  reconverted  into  a  carbonate 
by  carbonic  acid.  Carbonate  of  soda  is 
largely  employed  in  the  arts,  and  parti¬ 


cularly  in  the  manufactures  of  soap  and 
glass. 

(§  459.)  When  excess  of  chlorine  is 
passed  into  solutions  of  either  the  carbo¬ 
nate  of  potash  or  soda,  the  carbonic  acid 
is  commonly  displaced,  and  chlorides 
and  chlorates  formed :  but  by  peculiar 
management  chlorine  may  be  combined 
with  carbonate  of  soda  without  decom¬ 
position.  This  solution  has  been  called 
disinfecting  soda  liquid,  from  the  uses 
which  have  been  made  of  it,  and  which 
are  analogous  to  those  described  of  the 
chloride  of  lime  (§  390.).  This  solution 
is  saline  and  astringent,  and  it  first  red¬ 
dens  and  afterwards  bleaches  paper 
tinged  with  turmeric.  It  gives  out  no 
chlorine  by  ebullition ;  but  when  exposed 
to  the  air,  this  element,  to  which  it  owes 
its  efficacy,  gradually  escapes,  and  the 
carbonate  of  soda  remains. 

Bi-Carbonate  of  Soda. — 76. 

(2  C.44  +  1  S.  32., 

(§  460.)  The  bi-carbonate  of  soda  is 
formed  by  saturating  soda,  or  its  car¬ 
bonate  with  carbonic  acid.  During  the 
operation  it  is  deposited  in  small  crys¬ 
tals,  which  contain  2  equivalents  of 
water.  Its  taste  is  slightly  alkaline,  and 
it  is  much  less  soluble  in  water  than 
the  preceding  salt.  It  does  not  effloresce 
in  the  air.  It  is  decomposed  by  heat, 
and  passes  to  the  state  of  sesqui-car- 
bonate. 

Sesqui-Carbonate  of  Soda. — 65. 

(14  C.  33  +  1  S.  32.) 

($  461.)  This  salt  is  not  only  formed  as 
above,  but  occurs  abundantly  in  na¬ 
ture.  It  is  imported  in  large  quantities 
from  the  coast  of  Barbary,  in  Africa, 
where  it  is  collected  by  the  natives, 
under  the  name  of  trona.  A  very  con¬ 
siderable  soda  lake  also  exists  in  the 
province  of  Maracaybo,  in  South  Ame¬ 
rica,  from  which  this  salt  is  fished  up  in 
very  considerable  masses. 

Carbonate  of  Baryta. — 100. 

(1  C.  22+1  B.  78.) 

(§  462.)  When  baryta  water  is  added 
to  solutions  of  the  carbonates  of  soda  or 
potash  it  abstracts  their  acid,  and  car¬ 
bonate  of  baryta  is  precipitated  in  the 
form  of  a  white  powder,  which  is  nearly 
insoluble  in  water.  It  occurs  native  in 
crystals.  It  is  destitute  of  taste  or 
smell,  but  is  very  poisonous.  It  con¬ 
tains  no  water  of  crystallization,  but 
may  be  melted  into  a  white  enamel  by 
a  very  high  degree  of  heat.  It  may  be 
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decomposed  with  the  assistance  of  char¬ 
coal  ;  the  carbonic  acid  is  decomposed 
and  expelled,  and  caustic  baryta  re¬ 
mains. 

This  carbonate  may  also  be  decom¬ 
posed  at  a  red  heat  by  steam,  and  pure 
lydrate  of  baryta  may  be  thus  pro¬ 
duced.  It  dissolves  very  sparingly  in  a 
solution  of  carbonic  acid  in  water. 

Carbonate  of  Lime. — 50. 

(1  C.  22  +  1  L.  28.) 

(§  463.)  Carbonate  of  lime  is  com¬ 
posed  of  1  equivalent  of  acid,  and  1  of 
base ;  and  even  when  in  crystals,  as  it 
often  occurs  in  nature,  contains  no 
water.  It  is  probably  the  most  abun¬ 
dant  compound  upon  the  face  of  the 
earth.  It  forms  the  principal  ingredient 
of  chalk,  and  all  the  varieties  of  marble, 
oolite,  and  limestone.  It  is  an  abun¬ 
dant  product  of  the  animal,  and  is  not 
deficient  in  the  vegetable,  kingdom.  It 
is  insoluble  in  pure  water,  and  possesses 
no  taste :  it  is,  however,  taken  up  by 
carbonic  acid,  and  in  this  manner  is 
found  in  various  springs,  as  those  of 
Matlock.  As  the  volatile  acid  escapes, 
the  carbonate  of  lime  is  deposited  upon 
surrounding  objects,  and  hence  the  ori¬ 
gin  of  petrifying  wells. 

Carbonate  of  lime  is  decomposed  by 
a  red  heat,  and  it  is  thus  that  lime¬ 
stones  and  chalk  are  burned  into  lime. 
Under  a  pressure  sufficient  to  prevent 
the  escape  of  the  gas,  carbonate  of  lime 
has  been  melted  without  decomposition. 

Carbonates  of  Magnesia. 

(§  464.)  The  neutral  carbonate  of  mag¬ 
nesia  cannot  be  obtained  in  an  unmixed 
state  by  art,  but  occurs  as  a  mineral 
product  in  the  East  Indies,  in  the  form 
of  a  massive,  hard,  white  substance, 
exhibiting  a  conchoidal  fracture  with 
translucent  edges.  It  slowly  dissolves  in 
acids,  and  is  composed  of 
1  equivalent  of  magnesia  .  .  20 

1  ditto  carbonic  acid  .  22 

4'2 

When  the  carbonated  alkalies  are  added 
to  a  solution  of  sulphate  of  magnesia,  a 
white,  insipid,  insoluble  powder  is  pre¬ 
cipitated,  which  appears  to  vary  accord¬ 
ing  to  the  circumstances  under  which  it 
is  formed,  and  to  consist  of  different 
proportions  of  carbonate  and  hydrate  of 
magnesia.  It  is  very  soluble  in  excess 
<)f  carbonic  acid ;  so  much  so,  that  the 


sulphate  of  magnesia  is  not  precipitated 
at  all  when  cold  by  the  alkaline  bi-car¬ 
bonates,  or  by  the  sesqui-carbonate  of 
ammonia.  When  a  solution,  however, 
of  carbonate  of  magnesia  in  carbonic 
acid  is  allowed  spontaneously  to  eva¬ 
porate,  small  prismatic  crystals  are 
formed,  which  are  composed  of  magne¬ 
sia,  carbonic  acid,  and  water;  but  in 
what  proportions  is  somewhat  doubtful. 

Carbonate  of  Iron. — 58. 

(1  C.  22  +  1  I.  36.) 

(§  465.)  The  carbonic  acid  forms  a  de¬ 
finite  compound  with  the  protoxide  of 
iron  only.  When  its  aqueous  solution 
is  digested  with  iron  filings,  a  colour¬ 
less  solution  of  the  proto-carbonate  is 
formed ;  and  when  carbonate  of  potash 
is  added  to  sulphate  of  iron,  the  same 
salt  falls  as  a  greenish-white  precipitate. 
When  exposed  to  the  air  it  absorbs 
oxygen,  peroxide  of  iron  is  produced, 
and  carbonic  acid  given  off.  The  car¬ 
bonate  of  iron  is  not  an  uncommon  in¬ 
gredient  of  mineral  waters,  in  which  it 
is  held  in  solution  by  excess  of  acid,  and 
it  occurs  native,  in  nearly  a  pure  state, 
crystallized  in  small  imperfect  rhom¬ 
boids. 

Carbonate  of  Copper. 

(§  466.)  Copper  united  to  carbonic  acid 
occurs  in  a  native  state,  in  the  form  of 
a  beautiful  green  mineral,  called  mala¬ 
chite.  It  consists  of 
1  equivalent  of  peroxide  of  copper  80 
1  ditto  carbonic  acid  .  22 

1  ditto  water  ....  9 
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A  similar  product  may  be  artificially 
formed  by  adding  carbonate  of  potash 
to  sulphate  of  copper.  When  carefully 
dried  it  is  of  a  green  colour,  and  inso¬ 
luble  in  water.  An  impure  carbonate  is 
also  manufactured  as  a  pigment,  and 
called  verditer,  by  decomposing  nitrate 
of  copper  by  chalk. 

Carbonate  of  Lead. — 134 
(1  C.  22  +  1  L.  112.) 

(§  467.)  There  is  but  one  known  com¬ 
bination  of  carbonic  acid  and  lead,  and 
this  is  constituted  of  one  equivalent  of 
the  acid  and  one  of  the  protoxide.  It 
may  be  immediately  formed  by  adding 
an  alkaline  carbonate  to  nitrate  of  lead. 
The  white  precipitate  which  falls  is 
tasteless,  insoluble  in  water,  but  soluble 
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in  solutions  of  the  fixed  alkalies.  It  is 
manufactured  upon  a  large  scale  as  a 
white  paint  by  exposing  sheet  lead  to 
the  action  of  fumes  of  vinegar  with  ac¬ 
cess  of  air.  The  lead  is  thus  at  the 
same  time  oxidized  and  converted  into 
a  carbonate  by  the  decomposition  of  the 
vegetable  acid.  The  native  carbonate 
of  lead  is  one  of  the  most  beautiful  of 
the  metallic  ores :  it  occurs  in  Cornwall 
in  the  form  of  delicate  white  needles, 
which  are  soft  and  very  brittle. 

The  Borates. 

(§  468.)  The  affinities  of  the  boracic  acid 
(§  183.)  for  the  different  bases  is  but 
weak ;  and,  in  ordinary  circumstances, 
it  is  displaced  by  most  of  the  other  acids, 
and  is  thrown  down  in  the  form  of  pearly 
scales :  but  it  is  so  fixed  at  a  high  tem¬ 
perature,  that,  at  a  red  heat,  it  decom¬ 
poses  all  salts,  not  excepting  the  sul¬ 
phates,  the  acid  of  which  is  volatile. 
In  general  the  borates  are  very  sparingly 
soluble  in  water,  except  those  of  potash, 
soda,  and  ammonia.  They  are  insoluble 
in  alcohol,  but  are  readily  taken  up  by 
the  different  acids.  They  are  not  de¬ 
composed  by  heat,  but  are  remarkably 
fusible  in  the  fire,  and  form  a  trans¬ 
parent  glass  on  cooling.  By  digesting 
any  of  these  salts  in  a  slight  excess  of 
strong  sulphuric  acid,  evaporating  to 
dryness,  and  boiling  the  residue  in 
strong  alcohol,  a  solution  is  formed, 
which  has  the  property  of  burning  with 
a  green  flame. 

Borate  of  Soda,  or  Borax. — 76. 

(2  B.  44  +  1  S.  32.) 

(§  469.)  The  only  salt  of  this  class  of 
any  consequence  is  the  borate  of  soda, 
commonly  known  in  commerce  by  the 
name  of  borax .  "When  crystallized  it  is 
composed  of 

2  equiv.  of  boracic  acid  44 

1  ditto  soda  .  .  ,32 

8  ditto  water  ....  72 
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Its  taste  is  sweetish,  alkaline,  and  astrin¬ 
gent.  When  exposed  to  heat,  it  first 
undergoes  the  aqueous  fusion,  and  after¬ 
wards,  at  a  red  heat,  the  igneous.  On 
cooling,  it  assumes  the  appearance  of  a 
colourless,  transparent  glass,  which 
speedily  tarnishes  in  the  air.  It  pos¬ 
sesses  the  valuable  property  of  dissol¬ 
ving  and  combining  with  all  the  metallic 
oxides,  and  by  the  different  colours 
which  they  communicate  to  the  glass, 


they  may  generally  be  distinguished  be¬ 
fore  the  blowpipe.  With  cobalt,  the 
colour  is  deep  blue ;  yellow  with  iron  ; 
and  green,  blue,  or  red  with  copper.  It 
is  soluble  in  twelve  parts  of  water  at 
60°  F.,  and  in  two  parts  at  212°  F.  It  is 
chiefly  used  as  a  flux,  and  for  the  pre¬ 
paration  of  boracic  acid.  Muslin  and. 
other  articles  of  apparel  may  be  ren¬ 
dered  almost  incombustible  by  steeping 
them  in  a  solution  of  borax :  when  dry 
they  cannot  afterwards  be  easily  in¬ 
flamed.  This  salt  is  imported  from 
India,  where  it  is  found  native  in  an 
impure  state,  and  is  called  tincal.  It 
occurs  in  some  of  the  lakes  of  Thibet 
and  Persia,  and  is  extracted  by  evapo¬ 
ration.  All  the  other  borates  may  be 
formed  from  this  salt  by  double  decom¬ 
position. 

Chapter  XXI. 

On  the  Salts  of  the  Metallic  Acids — 
the  Antimonites  and  Antimoniates — ■ 
the  Chromates — the  Arsenites  and 
Arseniates. 

(§  470.)  iNthe  seven  precede ngehapters 
we  have  endeavoured  to  give  clearly  and 
succinctly  the  characters  of  the  principal 
salts  formed  by  the  non-metallic  acids 
enumerated  in  Table  II.,  with  the  dif¬ 
ferent  salifiable  bases  ;  our  limits  will 
now  oblige  us  to  condense  into  the  pre¬ 
sent  one  the  leading  properties  of  those 
of  the  most  important  metallic  acids  dis¬ 
tinguished  in  Table  IV.  They  are  in 
general  of  rare  occurrence,  and  few  of 
them  have  been  applied  to  useful  pur¬ 
poses  ;  there  is,  therefore,  the  less  occa¬ 
sion  to  dwell  upon  them  in  detail. 

The  Antimonites  and  Antimo¬ 
niates. 

(§471.)  We  have  seen  (§§  259,  261v 
that  antimony  is  capable  of  forming  two 
electro-negative  compounds  with  oxygen, 
which  possess  the  property  of  uniting 
with  the  alkaline  bases.  The  antimo- 
nious  and  antimonic  acids  have  little 
activity,  and  are  expelled  from  their 
combinations  by  the  feeblest  acids  of 
the  first  class,  not  excepting  the  carbo¬ 
nic.  The  characters  of  the  antimonites 
and  antimoniates  are  so  nearly  the  same, 
that  they  can  only  be  distinguished  by 
separating  their  acids:  the  acid  of  the 
first  class  gives  off  oxygen  when  exposed 
to  heat,  while  that  of  the  second  affords 
none.  The  majority  of  these  salts  ar 
insoluble  in  water ;  those  only  are  so¬ 
luble  whose  bases  are  so  likewise.  The 
latter  give  an  orange-yellow  precipitate 
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with  sulphuretted  hydrogen.  The  rea¬ 
diest  way  of  distinguishing  the  class, 
however,  is  to  decompose  them  by  an 
acid ;  to  mix  the  disengaged  antimonious 
or  antimonic  acid,  which  are  insoluble 
in  water,  with  charcoal,  and  expose  it  to 
heat,  when  a  button  of  metallic  antimony 
will  be  obtained.  The  antimoniate  of 
potash  may  be  easily  procured  by  mixing 
one  part  of  antimony  with  six  parts  of 
nitre  in  powder,  and  projecting  the  mix¬ 
ture  into  a  red-hot  crucible:  a  white 
mass  will  thus  be  obtained,  which  con¬ 
sists  of  the  required  salt  with  an  excess 
of  alkali.  The  latter  may  be  washed 
away  by  cold  water,  as  the  antimoniate 
is  insoluble  in  alkaline  solutions.  The 
antimoniate  of  potash  may  then  be  dis¬ 
solved  in  boiling  water.  It  does  not 
crystallize,  but  forms  pellicles  by  evapo¬ 
ration.  Its  taste  is  weakly  alkaline. 
Acids  precipitate  from  it  the  insoluble 
antimonic  acid,  in  the  state  of  a  hydrate. 
The  other  antimoniates  may  be  formed 
by  pouring  the  solution  of  this  salt  into 
the  different  metallic  solutions.  The 
antimoniates  of  copper  and  of  cobalt 
present  us  with  a  singular  phenomenon : 
when  they  are  dried  and  afterwards  ex¬ 
posed  to  a  dull-red  heat,  they  suddenly 
become  white  hot.  This  sudden  eleva¬ 
tion  of  temperature  is  totally  indepen¬ 
dent  of  the  extraneous  source  of  heat  to 
which  they  are  exposed,  and  is  very 
difficult  to  explain. 

The  Chromates. 

($472.)  All  the  salts  of  the  chromic 
acid  ($  274.)  are  of  a  yellow,  orange,  or 
red  colour:  by  mixing  them  with  a 
kittle  alkali,  they  afford,  with  the  heat  of 
the  blowpipe,  a  beautiful  green- coloured 
glass.  This  green  colour  of  the  oxide  of 
chrome  may  also  be  developed  by  treat¬ 
ing  any  chromate  with  muriatic  acid  and 
a  little  alcohol. 

Chromates  of  Potash. 

($  473.)  If  we  neutralize  chromic  acid 
with  potash,  by  evaporation  of  the  solu¬ 
tion,  we  shall  obtain  two  distinct  salts. 
The  first  which  crystallizes  will  be  a 
bi-chromate  of  potash,  consisting  of  2 
equivalents  of  acid  and  1  of  base ;  the 
second,  which  is  much  more  soluble,  of 
1  equivalent  of  acid  and  1  of  base.  The 
latter,  or  chromate  of  potash,  is  pro¬ 
cured  in  prismatic  crystals  of  a  fine 
lemon-yellow  colour,  and  possesses  a 
cool,  bitter,  disagreeable  taste.  It  turns 
tne  yellow  colour  of  vegetables  red. 
When  exposed  to  heat  it  is  not  decom¬ 


posed,  but  assumes  a  tint  of  green  from 
the  formation  of  a  minute  portion  of 
protoxide.  Though  very  soluble  in 
water,  it  is  insoluble  in  alcohol,  and 
does  not  contain  any  water  of  crystalli¬ 
zation. 

The  bi-chromate  of  potash  is  much 
less  soluble  than  the  neutral  chromate, 
and  100  parts  of  water  only  take  up  10 
of  the  salt.  It  forms  beautiful  tabular 
crystals  of  a  rich  red  colour,  which  are 
anhydrous,  and  consist  of  2  equivalents 
of  the  acid  and  1  of  the  alkali.  When 
exposed  to  heat  they  suffer  decomposi 
tion;  the  neutral  chromate  is  formed, 
mixed  with  oxide  of  chrome,  from  the 
deoxygenation  of  the  excess  of  acid. 
The  solution  of  this  salt  reddens  vege- 
able  blue  colours. 

The  chromate  of  potash  is  manufac¬ 
tured  on  a  large  scale  by  heating  to 
redness,  with  an  equal  weight  of  nitre, 
a  mineral  known  by  the  name  of  chro¬ 
mate  of  iron,  and  which  is  a  native  com¬ 
pound  of  the  oxides  of  iron  and  chrome. 
Chromic  acid  is  thus  generated,  which 
combines  with  the  alkali  of  the  nitre. 
The  mass  obtained  is  digested  in  water, 
and  the  solution  neutralized  by  nitric 
acid.  By  evaporation  crystals  of  nitre 
are  separated,  and  the  residual  liquid, 
by  spontaneous  evaporation,  affords 
small  crystals  of  the  salt. 

From  the  chromate  of  potash  all  the 
other  chromates  are  easily  obtained  by 
double  decomposition :  the  soluble  salts 
of  baryta,  lead,  protoxide  of  mercury, 
and  silver,  afford  insoluble  chromates 
of  the  same  bases.  The  first  two  are 
yellow,  the  second  orange-red,  and  the 
third  deep  red.  Many  of  these  salts  are 
valuable  as  brilliant  pigments ;  and  a 
sub-chromate  of  lead,  formed  by  boiling 
the  neutral  chromate  with  potash,  is  ex¬ 
tensively  used  as  a  fine  inalterable  red 
in  calico-printing. 

The  Arsenites  and  Arseniates. 

($  474.)  The  only  soluble  compounds 
of  the  arsenious  and  arsenic  acids 
($$  279,  280.)  with  the  salifiable  bases, 
are  those  of  potash,  soda,  ammonia,  and 
probably  lithia ;  all  the  remainder  are 
insoluble  in  water,  but  are  taken  up  by 
an  excess  of  their  own  acid,  and  still 
more  readily  by  nitric  acid.  They  are 
all  decomposed  by  being  heated  to  red¬ 
ness  with  charcoal,  metallic  arsenic  be¬ 
ing  sublimed  and  easily  recognised  by 
its  peculiar  odour.  The  arseniates  of 
the  alkaline  metals  require  a  high  tem¬ 
perature  for  this  reduction,  while  those 
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of  the  common  metals,  such  as  lead, 
may  be  readily  reduced  in  a  glass  tube 
by  the  heat  of  a  spirit  lamp. 

The  soluble  arsenites,  when  perfectly 
neutral,  afford  a  yellow  precipitate  of 
arsenite  of  silver,  while  the  arseniates 
are  characterised  by  a  precipitate  of  a 
brick-red  colour. 

The  arsenite  of  poiash  is  uncrystal- 
lizable,  and  may  be  formed  by  boiling  the 
acid  in  a  solution  of  the  alkali.  When 
mixed  with  a  solution  of  sulphate  of 
copper,  a  precipitate  is  formed  of  a  fine 
apple-green  colour,  which  is  used  as  a 
pigment.  Although,  under  ordinary  cir¬ 
cumstances,  this  salt  is  a  dangerous  and 
violent  poison,  it  is  sometimes  employed 
in  very  minute  doses  in  medicine  with 
success. 

Chapter  XXII. 

On  the  Hydro-Fluates,  or  Fluorides — 
the  Fluo- Silicates — and  Fluo-Borates. 

(§475.)  Notwithstanding  the  obscu¬ 
rity  which  still  veils  the  radicle  of  the 
acids  (§ 348.),  of  whose  compounds  we 
have  now  to  treat,  the  hydro-fiuates  of 
the  bases,  or  the  fluorides  of  the  metals, 
(as,  like  the  muriates  or  chlorides,  they 
may  be  designated,  according  to  the 
double  view  (§  362.)  which  may  be  taken 
of  their  constitution,)  form  a  distinct 
and  well-characterized  class  of  salts. 
When  sulphuric  acid  is  poured  upon  any 
of  them  and  heated,  white  vapours  of 
hydro-fluoric  acid  are  given  off,  which 
may  be  recognized  by  the  facility  with 
which  they  corrode  glass,  even  in  very 
small  quantities.  They  are  not  at  all 
acted  upon  by  combustible  bodies. 
When  they  contain  no  water  they  rea¬ 
dily  fuse  without  change  by  the  appli¬ 
cation  of  heat ;  but  when  they  contain 
it,  they  undergo  partial  decomposition, 
and  an  oxide  or  sub-salt  is  formed. 
Those  which  are  soluble  do  not  preci¬ 
pitate  nitrate  of  silver,  and  they  do  not 
give  off  fluorine  when  heated  with  sul¬ 
phuric  acid  and  oxide  of  manganese. 

Hydro-Fluate  of  Ammonia. — 36. 

(1  H.  19  +  1  A.  17.) 

(§476.)  The  hydro-fluate  of  ammonia 
may  be  prepared,  by  mixing  in  a  plati¬ 
num  crucible  1  part  of  muriate  of  am¬ 
monia  with  2.25  parts  of  fluoride  of 
sodium  (presently  to  be  described),  both 
in  the  state  of  a  dry  powder.  By  the 
application  of  a  gentle  heat,  a  double 
exchange  takes  place,  and  the  hydro- 
fluate  sublimes  and  condenses  in  small 


crystals  upon  the  cool  lid  of  the  crucible. 
Chloride  of  sodium  is  at  the  same  time 
formed. 

The  hydro-fluate  of  ammonia  is  very 
soluble  in  water,  and  slightly  so  in  alco¬ 
hol.  The  solution,  by  keeping,  parts 
with  a  portion  of  its  alkali,  and  is  con¬ 
verted  into  a  deliquescent  bi-hydro- fluate. 
It  corrodes  glass  even  in  its  dry  state, 
and  its  solution  may  be  employed  for 
etching  on  that  substance.  From  the 
nature  of  its  base,  no  ambiguity  arises 
with  regard  to  the  constitution  of  this 
salt,  which  cannot,  of  course,  be  consi¬ 
dered  as  a  fluoride. 

Hydro-Fluates  of  Potash. 

(§477.)  The  hydro-fluoric  acid  forms 
two  salts  with  potash,  viz.,  a  hydro-fluate 
and  a  bi-hydro-fluate.  The  former  may 
be  obtained  by  saturating  the  acid  with 
potash  and  evaporating  to  dryness.  It 
is  deliquescent,  and  crystallizes  with 
great  difficulty.  It  has  a  sharp  saline 
taste,  dissolves  silex,  and  acts  upon 
glass.  It  bears  an  intense  heat  without 
change.  By  dissolving  this  salt  in  a 
further  quantity  of  the  acid  the  bi-hydro- 
fluate  is  obtained ;  it  is  crystallizable, 
soluble  in  water,  and,  when  exposed  to 
heat,  on  eequivalent  of  the  acid  is  driven 
off,  and  the  neutral  hydro-fluate  of  pot¬ 
ash  remains. 

Hydro-Fluates  of  Soda. 

(§478.)  Two  combinations  of  the  hydro¬ 
fluoric  acid  and  soda  may  be  obtained 
by  the  same  method  as  the  preceding 
salts.  The  neutral  hydro-fluate  crystal¬ 
lizes  in  cubes,  like  muriate  of  soda ;  is 
sparingly  soluble  in  water,  and  corrodes 
glass. 

The  bi-hydro-fluate  of  soda  crystal¬ 
lizes  in  transparent  rhombohedrons ;  is 
also  sparingly  soluble  in  water,  and 
possesses  an  extremely  sour  taste. 

Fluoride  of  Calcium. — 38. 

(1  F.  18  +  C.  20.) 

(§  479.)  By  digesting  fresh-precipitated 
carbonate  of  lime  in  an  excess  of  hydro¬ 
fluoric  acid,  a  granular  fluoride  of  cal¬ 
cium  is  formed,  which  is  totally  insoluble 
in  water.  A  similar  compound  also  is 
produced,  in  the  form  of  a  gelatinous 
mass,  by  precipitating  a  neutral  salt  of 
lime  by  any  soluble  fluoride.  This  salt 
is  found  in  nature  in  the  most  beautiful 
forms,  and  is  commonly  known  by  the 
name  of  fluor,  or  Derbyshire  spar. 
When  exposed  upon  hot  coals  it  decre- 
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pitates,  and  at  the  same  time  emits  a 
beautiful  phosphorescent  light.  The 
common  varieties  are  used  as  a  flux  to 
metals,  on  account  of  its  great  fusibility, 
and  the  choice  specimens  are  formed 
into  splendid  ornamental  vases.  It  is 
also  from  this  source  that  the  hydro¬ 
fluoric  acid  is  obtained  (§  349..). 

The  Fluo-Silicates. 

(§  480.)  The  combinations  of  the  fluo- 
silicic  acid  (§  350.)  are  not  easily  ex¬ 
plained,  and  are  still  the  subjects  of 
controverted  opinions.  They  have  gene¬ 
rally  been  considered  as  simple  com¬ 
pounds  of  a  complex  acid  and  the  bases ; 
but  there  is  reason  to  suppose  that  they 
may  more  accurately  be  regarded  as 
double  salts,  consisting  of  two  equiva¬ 
lents  of  hydro-fluate  of  silex  and  one 
equivalent  of  a  hydro-fluate  of  some 
other  base.  Most  of  these  salts  are 
soluble  in  water ;  but  those  of  potash, 
soda,  lime,  baryta,  and  yttria  very 
sparingly  so.  They  are  characterized 
iu  general  by  a  sour,  bitter  taste ;  they 
redden  litmus  paper,  and  are  decom¬ 
posed  by  a  high  temperature  with  ex¬ 
trication  of  fluo-silicic  gas. 

The  Fluo-Borates. 

(§  481.)  The  compounds  of  the  fluo- 
boric  acid  (§  351.),  with  the  salifiable 
bases,  have  not  been  hitherto  examined. 
It  has,  however,  been  ascertained  that 
it  unites  with  ammonia  in  three  propor¬ 
tions.  When  one  measure  of  the  acid 
gas  is  admitted  to  one  of  ammonia  over 
mercury,  a  solid  neutral  compound  re¬ 
sults.  One  measure  of  the  acid  and  two 
of  the  alkali  form  a  liquid  which  will 
absorb  an  additional  volume  of  ammo¬ 
nia  and  still  remain  in  a  fluid  state. 

Concerning  the  composition  of  all 
these  three  classes  of  salts  considerable 
difficulty  must  be  expected  to  exist,  until 
the  nature  of  the  electro-negative  ele¬ 
ment,  fluorine  (§  348.),  shall  have  bean 
more  fully  developed  by  further  inves¬ 
tigation. 

Chapter  XXIII. 

On  the Hydro-Cyanates  or  Cyanurets — 
Cyanites  and  Fulminates — and  on 
the  Ferro  -  Cyanates  and  Sulpho- 
Cyanates, 

(§  482.)  We  come  now  to  the  classes 
of  salts  into  the  composition  of  which 
enter  those  acids  which  are  produced  by 
the  compound  radicle,  cyanogen  (§352.). 

In  treating  of  the  compounds  of  the 
hydro-cyanic  acid  ($  353.),  we  must  not 


lose  sight  of  its  constitution  as  a  hydro¬ 
acid  (§  362.).  Thus,  when  potassium  is 
brought  into  contact  with  it,  cyanuret 
of  potassium  is  undoubtedly  formed, 
and  hydrogen  evolved;  but  this  salt, 
when  dissolved  in  water,  may  be  consi¬ 
dered  either  as  a  cyanuret  of  the  metal 
or  a  hydro-cyanite  of  the  oxide,  and  so 
with  the  other  metals  and  bases. 

Many  of  the  cyanurets  are  soluble  in 
water,  as  those  of  potassium,  sodium, 
strontium,  and  calcium ;  several,  how¬ 
ever,  are  insoluble,  as  those  of  gold, 
silver,  and  copper. 

The  solutions  of  all  the  cyanurets 
have  a  strong  alkaline  reaction.  The 
affinities  of  the  hydro-cyanic  acid  are 
very  weak,  and  it  is  expelled  by  all  the 
other  acids,  not  excepting  the  carbonic. 
When  liberated  by  any  of  the  stronger 
acids,  it  may  be  immediately  recognized 
by  its  peuliar  penetrating  smell.  The 
hydro-cyanates  may  also  be  distin¬ 
guished  by  the  deep  blue  precipitate 
which  they  occasion  in  salts  of  per-oxide 
of  iron :  to  produce  which,  how'ever, 
some  of  them  require  the  assistance  of 
an  alkali.  They  are  all  subject  to  spon¬ 
taneous  decomposition.  They  have  not 
been  examined  with  the  attention  which 
their  interest  would  seem  to  require. 

Cyanuret  of  Mercury. — 252. 

(1  M.  200  +  2  C.  52.) 

(§  483.)  We  have  already  mentioned 
the  process  by  which  cyanuret  of  mer¬ 
cury  is  obtained  (§  173.).  When  pure  it 
is  colourless  and  inodorous,  and  pos¬ 
sesses  a  very  disagreeable  metallic  taste. 
It  is  highly  poisonous.  It  crystallizes 
in  the  form  of  four-sided  prisms,  and  is 
more  soluble  in  hot  than  in  cold  water. 
It  is  converted  by  heat  into  metallic 
mercury  and  cyanogen. 

Cyanuret  of  Potassium,  or  Hydro- 
Cyanaie  of  Potash, 

(§  484.)  Potassium  heated  in  cyanogen 
absorbs  the  gas,  and  produces  a  yellow¬ 
ish-grey  saline  body,  which  is  the  cy¬ 
anuret  of  potassium.  It  is  soluble  in 
water;  and  a  similar  solution  is  pro¬ 
duced  when  solution  of  potash  is  dropped 
into  hydro-cyanic  acid.  This  salt  is  de¬ 
liquescent,  and  possesses  an  alkaline 
taste,  accompanied  by  something  of  the 
flavour  and  smell  of  the  acid,  whose 
poisonous  properties  it  retains.  It 
supports  a  high  temperature  in  close 
vessels  without  undergoing  decompo¬ 
sition. 
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Cyanuret  of  Iron. 

(§485.)  If  a  solution  of  cyanuret  of 
potassium  be  poured  into  a  solution  of 
a  salt  of  the  protoxide  of  iron,  a  preci¬ 
pitate  will  be  produced,  and  by  filtration 
the  cyanuret  of  iron  may  be  collected. 
If  an  excess  of  the  cyanuret  be  added, 
the  precipitate  will  be  redissolved  and  a 
new  product  formed,  of  which  we  shall 
presently  have  occasion  to  speak. 

Similar  results  are  produced  when 
cyanuret  of  potassium  is  added  to  solu¬ 
tions  of  gold,  silver,  or  copper. 

The  Cyanites. 

(§  486.)  The  compounds  of  the  cyanous 
acid  (§  354)  are  characterized  by  the 
facility  with  which  their  acid  is  resolved 
by  boiling  w'ater  into  carbonic  acid  and 
ammonia.  The  effect  takes  place  still 
more  rapidly  when  it  is  attempted  to  dis¬ 
place  the  cyanous  acid  by  means  of  an¬ 
other  acid.  It  is  immediately  decom¬ 
posed,  and  carbonic  acid  escapes  with 
effervescence.  The  process  for  forming 
cyanite  of  potash  has  been  already  given 
(§  384.).  By  double  decomposition,  from 
this  salt  may  be  obtained  a  soluble 
cyanite  of  baryta,  and  insoluble  salts  of 
lead,  mercury,  and  silver. 

The  Fulminates. 

(§  487.)  By  dissolving  100  grains  of  mer¬ 
cury  in  one  fluid  ounce  and  a  half  of 
nitric  acid  of  the  specific  gravity  of  1.3, 
and  adding  to  the  solution,  when  cold, 
two  ounces,  by  measure,  of  alcohol 
whose  specific  gravity  is  0.849,  and  then 
warming  the  mixture,  a  brisk  efferves¬ 
cence  will  take  place,  and  a  grey  pow¬ 
der  will  precipitate,  which  is  a  fulminate 
of  mercury.  A  similar  compound  may 
also  be  formed  by  treating  silver  in  the 
same  manner.  These  powders  are  dan¬ 
gerously  explosive,  and  they  ought  not 
to  be  prepared  without  the  greatest  cau¬ 
tion,  and  in  very  minute  quantities. 
These  effects  have  lately  become,  in 
some  degree,  familiar,  from  the  use  of 
the  former  in  the  preparation  of  copper 
caps  for  detonating  guns.  The  fulmi¬ 
nates  explode  at  a  temperature  of  about 
300,  from  the  slightest  friction,  and  from 
the  electric  spark.  The  contact  of  con¬ 
centrated  sulphuric  or  nitric  acid  pro¬ 
duces  the  same  effect. 

By  digesting  fulminate  of  silver  in 
potash,  1  equivalent  of  oxide  of  silver 
is  separated,  and  a  double  fulminate  is 
formed,  consisting  of  2  equivalents  of 
fulminic  acid,  1  equivalent  of  oxide  of 


silver,  and  l  of  potash.  Similar  com¬ 
pounds  may  be  formed  by  substituting 
other  bases,  as  baryta,  lime,  or  mag¬ 
nesia  for  the  potash.  All  these  double 
fulminates  may  be  obtained  in  crystals, 
and  possess  detonating  properties. 

The  Cyanates. 

(§488.)  The  cyanic  acid  is  of  such  re¬ 
cent  discovery,  that  but  little  has  been 
yet  ascertained  with  regard  to  its  com¬ 
binations  with  the  salifiable  bases. 
The  salts  which  it  forms  with  the  me¬ 
tallic  oxides  do  not  detonate. 

The  Fekro-Cyanates,  or  Ferro- 
Cyanurets. 

(§489.)  We  have  just  stated  (§485.)  that 
cyanuret  of  iron  may  be  dissolved  by  an 
excess  of  cyanuret  of  potassium,  and  a 
new  salt  is  thus  produced,  which  may  be 
called  the  ferro-cyanuret  of  potassium. 
It  is  the  same  substance  as  that  formed 
by  directly  combining  ferro-cyanic  acid 
(§  361.)  with  potash,  which  being  one  of 
the  hydro  acids,  its  salts  are  liable  to 
the  same  ambiguity  as  those  of  the  rest 
of  the  class.  The  ferro-cyanates,  or 
ferro-cyanurets,  are  not  decomposed  by 
the  carbonic  acid.  They  do  not  effer¬ 
vesce  with  the  other  acids,  as  that  which 
they  contain  is  not  volatile.  These  which 
are  soluble  precipitate  the  proto-salts  of 
iron  of  a  white  colour,  and  the  per-salts 
of  a  deep  blue. 

Ferro- Cyanate  of  Potash,  or  Ferro - 
Cyanuret  of  Potassium. 

(§490.)  This  salt,  to  which  we  have 
alluded  above,  may  be  prepared  by 
digesting  the  per-ferro-cyanate  of  iron, 
presently  to  be  described  (Prussian  blue), 
in  potash,  till  the  alkali  is  neutralized: 
a  yellow  liquid  is  formed,  which  yields 
crystals  of  the  salt  by  evaporation.  It 
is  also  manufactured  on  a  large  scale 
by  igniting  dried  blood,  or  other  animal 
matters,  with  potash  and  iron.  By  the 
mutual  action  of  these  substances  at  a 
high  temperature,  which  cannot  be  ex¬ 
plained  till  we  come  to  treat  of  Animal 
Chemistry,  ferro-cyanuret  of  potassium 
is  generated. 

It  is  a  light  yellow  salt,  crystallizing 
in  large  transparent  tabular  crystals 
which  contain  3  equivalents  of  water. 
It  has  no  smell,  and  its  taste  is  slightly 
bitter,  but  very  different  from  that  of 
hydro-cyanate  of  potash.  It  is  not 
altered  by  exposure  to  air,  but  it  parts 
with  its  water  of  crystallization  at  a 
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hish  temperature.  When  heated  to 
redness  in  close  vessels  decomposition 
ensues:  nitrogen  is  disengaged,  and  cy- 
anuret  of  potassium,  mixed  with  carbu¬ 
ret  of  iron,  remains.  It  cannot  be  directly 
decomposed  by  the  acids  ;  but  mercury, 
which  has  a  very  strong  affinity  for  cya¬ 
nogen,  takes  it  from  the  salt.  Oxide  of 
mercury,  put  into  a  solution  of  ferro-cya- 
nuret  of  potassium,  renders  it  alkaline, 
and  cyanuret  of  mercury  is  produced. 
It  is  employed  for  detecting  the  presence 
of  several  metals,  with  which  it  affords 
precipitates  of  various  colours. 

Ferro-  Cyanate  of  Baryta. 

(§491.)  The  process  for  forming  the 
ferro-cyanate  of  baryta  has  been  already 
described  (§  361.).  It  is  from  this  salt 
that  the  ferro-cyanic  acid  may  be  pre¬ 
pared.  It  is  sparingly  soluble  in  cold 
water,  but  much  more  so  in  hot,  and 
forms  yellow  crystals  by  evaporation. 

Per -ferro-Cyanate  of  Iron. 

492.)  The  common  pigment  called 
Prussian  blue  is  a  preparation  of  ferro- 
tyanic  acid,  united  with  the  peroxide  of 
iron.  It  is  formed  by  adding  ferro- 
cyanate  of  potash  to  solution  of  per¬ 
sulphate  of  iron.  The  precipitate  which 
falls  is  of  a  beautiful  deep  blue  colour, 
insoluble  in  water  and  alcohol,  and 
tasteless.  It  is  not  acted  upon  by  dilute 
sulphuric,  nitric  or  muriatic  acids.  When 
kept  in  contact  with  iron  tilings,  or  ex¬ 
posed  to  the  action  of  sulphuretted  hy¬ 
drogen,  it  loses  part  of  its  oxygen,  and 
becomes  white.  It  is,  in  fact,  converted 
into  proto-ferro-cyanate  of  iron,  which 
may  be  directly  formed  as  a  white  preci¬ 
pitate,  by  adding  ferro-cyanate  of  potash 
so  a  solution  of  proto-sulphate  of  iron, 
rt,  however,  regains  its  oxygen  and  co¬ 
lour  by  exposure  to  the  air. 

The  common  Prussian  blue  of  com¬ 
merce  is  impure,  contains  alumine,  and 
is  manufactured  by  adding  to  ferro- 
cyanate  of  potash,  formed  by  calcining 
animal  matters  with  potash,  a  solution 
of  2  parts  of  alum,  and  1  of  the  sul¬ 
phate  of  iron.  The  precipitate  which 
Jails  is  at  first  of  a  dingy-green  colour, 
but,  by  frequent  washings  with  dilute 
'T’tiriatic  acid,  acquires  a  fine  blue  tint. 

The  Sulpho-Cyanates. 

Sulpho-Cyanale  of  Potash. 

l§  493.)  The  only  salt  of  the  sulpho- 
cyanic  acid  (§  360,)  which  possesses  any 
interest,  is  the  sulpho -cyanate  of  potash. 
It  is  prepared  by  exposing  to  a  mode¬ 


rate  heat,  short  of  redness,  a  mixture  of 
equal  weights  of  ferro-cyanate  of  pot¬ 
ash  and  sulphur.  The  mixture  fuses 
spontaneously,  ignites  and  burns  briskly, 
during  which  it  should  be  well  stirred. 
The  dark-coloured  residue,  on  being  dis¬ 
solved  in  water  and  filtered,  affords  a 
very  pure  sulpho-cyanate  of  potash.  It 
is  composed  of  1  equivalent  of  the  acid, 
and  1  of  the  alkali.  When  concentrated 
by  evaporation,  the  solution  yields 
crystals,  which,  when  thoroughly  dried, 
do  not  contain  water  or  its  elements, 
and  may,  therefore,  be  regarded  as  pure 
sulpho-cyanuret  of  potassium.  They 
are,  however,  very  deliquescent,  and 
dissolve  very  readily  in  water.  In  form, 
taste,  and  fusibility,  they  greatly  resem¬ 
ble  nitre. 

Chapter  XXIV. 

On  the  General  Characters  of  Salts  de¬ 
rived  from  their  Bases.  Conclusion 
of  Inorganic  Chemistry. 

($  494.)  In  treating  of  the  saline  com¬ 
pounds,  in  the  order  of  the  acids,  as  we 
proposed  (§  366),  we  have  endeavoured, 
previously  to  describing  the  individual 
species,  to  mark  the  leading  characters 
of  each  groupe,  derived  from  their  elec¬ 
tro-negative  constituents:  it  remains  for 
the  completion  of  our  plan  that  we 
briefly  denote  the  properties  dependent 
upon  the  electro-positive  ingredient 
which  characterize  each  class,  in  the 
order  of  their  respective  bases.  Foi 
this  purpose  we  shall  again  adopt  a  sub¬ 
division  of  the  series,  as  an  assistance  to 
the  memory,  and  to  avoid  the  difficulty 
of  having  to  search  for  any  particular 
species  through  so  long  a  catalogue. 
Such  a  convenient  subdivision  may  be 
derived  from  the  changes  produced  in 
their  solutions  by  solutions  of  a  satu¬ 
rated  hydro-sulphuret,  a  carbonate,  and 
sulphuretted  hydrogen. 

The  first  two  classes  thus  formed  will 
be,  I.,  of  those  salts  which  are  not  preci¬ 
pitated  by  hydro-sulphuret  of  ammonia ; 
and  II.,  those  which  are.  The  former 
of  these  is  subdivided  into  two  groupes : 
1st.  those  which  are  precipitated  by  car¬ 
bonate  of  potash ;  2d.  those  which  are 
not  precipitated.  The  latter,  also,  into 
two  groupes:  1st.  those  which  are  pre¬ 
cipitated  by  sulphuretted  hydrogen  ;  2d. 
those  which  are  not  precipitated. 

The  following  Table  exhibits  this  ar¬ 
rangement,  and  the  order  ir.  which  we 
shall  proceed  to  examine  the  basic  cha¬ 
racters  of  the  salts. 
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Table  VI. 


fHydro-sulphuret  of 
ammonia  does  not 
precipitate  salts  of ' 
these  bases. 


Potash 

Soda 

Ammonia 

Lithia 

Baryta 

Strontia 

Lime 

Magnesia 


} 


1st. 

DIVISION 


Carbonate  of  potash 
does  not  precipitate 
salts  of  these  bases. 


2nd 

DIVISION 


Carbonate  of  potash 
precipitates  salts  of 
these  bases. 


r  Alumine 
Manganese 
Zinc 
Iron 
Cobalt 
Nickel 


Sulphuretted  hy- 
,  1st  drogen  does  not  pre- 
divisiqn  cipitate  salts  of  these 
bases. 


i  \ss  f  Hydro-sulphuret  of 
c,jr  <  ammonia  precipitates  < 
‘  l  salts  of  these  bases. 


Chrome 

Tin 

Cadmium 

Antimony 

Bismuth 

Lead 

Copper 

Mercury 

Silver 

Platinum 

Gold 


.  2d 
division 


Sulphuretted  hy¬ 
drogen  precipitates 
salts  of  these  bases. 


It  may,  however,  be  observed,  that 
some  of  the  above  salts  in  the  first  divi¬ 
sion  of  the  second  class  would  give  pre¬ 
cipitates  with  sulphuretted  hydrogen,  if 
care  were  not  taken  to  add  it  in  excess : 
thus  a  slight  precipitate  would  appear 
with  zinc,  and  precipitates  also  with 
nickel  and  cobalt ;  but  they  immedi¬ 
ately  disappear  by  the  addition  of  a 
little  acid. 

Salts  of  Potash. 

(§  495.)  The  principal  character  of  the 
salts  of  potash,  as  by  the  above  table,  is 
to  give  no  precipitate,  either  by  a  hydro- 
sulphuret  or  a  soluble  carbonate. 

All  the  salts  of  potash  are  soluble; 
but  there  are  some  which  are  but  slightly 
so. 

When  tartaric  acid  (which  will  be 
described  when  we  come  to  treat  of 
Vegetable  Chemistry)  is  poured  into  a 
concentrated  solution  of  any  of  these 
salts,  a  precipitation  takes  place,  of  a 
substance  which  is  known  by  the  name 
of  tartar,  of  which  we  shall  hereafter 
speak. 

They  also  afford  a  precipitate  when 
sulphate  of  alumine  (§  429.)  is  poured 
into  them,  on  account  of  the  formation 


of  alum,  which  is  a  salt  of  sparing  solu¬ 
bility. 

Chloride  of  platinum  (§  395.)  produces 
with  them  a  yellow  precipitate  of  a  dou¬ 
ble  chloride,  which  is  nearly  insoluble 
in  water,  and  wholly  so  in  alcohol. 

Potash  is  the  most  powerful  of  all  the 
bases,  and  forms  the  most  permanent 
combinations  with  the  acids.  For  ex¬ 
ample  : — The  nitric  acid  sustains  a  much 
higher  heat  without  decomposition,  when 
united  with  this  base,  than  with  any 
other ;  and  the  vegetable  acids  also  have 
their  decomposition  much  retarded  by 
the  same  combination.  In  general  it 
forms  anhydrous  salts. 

Salts  of  Soda. 

(§  496.)  There  is  a  considerable  ana¬ 
logy  between  the  two  bases,  potash  and 
soda.  The  salts  of  the  latter,  like  those 
of  the  former,  are  very  soluble ;  but  they 
do  not  afford  precipitates,  as  above  de¬ 
scribed,  with  tartaric  acid,  sulphate  of 
alumine,  or  chloride  of  platinum.  If 
these  tests  should  be  insufficient  to  dis¬ 
tinguish  them  in  any  case,  the  base 
should  be  separated  and  combined  with 
sulphuric  acid.  The  sulphate  of  potash 
is  anhydrous,  decrepitates  in  the  fire, 
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is  unaltered  by  exposure  to  the  air,  and 
of  a  bitter  taste.  The  sulphate  of  soda, 
on  the  contrary,  undergoes  the  aqueous 
fusion  from  the  great  quantity  of  water 
which  it  contains ;  effloresces  in  the  air, 
and  has  a  bitter,  cooling  taste. 

Salts  of  Ammonia. 

(§  497.)  The  general  characters  of  the 
ammoniacal  salts  have  been  already 
enumerated  (§  187.).  We  will  only  add 
that,  like  potash,  they  afford  precipitates 
with  sulphate  of  alumine,  and  with  chlo¬ 
ride  of  platinum. 

Salts  of  Lithia. 

(§  498.)  The  salts  of  lithia  are  the  first 
of  the  groupe  which  are  precipitated  by 
the  carbonated  alkalies ;  but,  neverthe¬ 
less,  its  carbonate  is  slightly  soluble. 
This  base  may  further  be  distinguished 
from  potash  and  soda,  by  combining  it 
with  muriatic  acid ;  its  choride  being  very 
deliquescent  and  dissolving  freely  in  al¬ 
cohol,  which  afterwards  burns  with  a 
red  flame.  All  the  salts,  when  heated 
on  a  platinum  wire  before  the  blowpipe, 
tinge  the  flame  with  a  red  colour.  It  is 
distinguished  from  the  alkaline  earths 
by  forming  soluble  salts  with  sulphuric 
and  oxalic  acids,  and  by  its  carbonate, 
though  sparingly  soluble,  giving  a  brown 
stain  to  turmeric  paper. 

Salts  of  Baryta. 

(§  499.)  Some  of  the  salts  of  baryta  are 
soluble,  and  some  insoluble;  but  it  is 
easy  to  change  the  latter  into  the  former 
by  converting  them  into  a  chloride. 

The  soluble  salts  are  precipitated  by 
sulphuric  acid,  and  the  precipitate  is 
insoluble  in  excess  of  the  acid  :  they  are 
precipitated  by  caustic  potash  and  soda, 
but  not  by  ammonia.  When  a  drop  of 
a  solution  of  the  chloride  is  placed  upon 
a  slip  of  glass  and  exposed  to  the  air,  it 
crystallizes  in  distinct  rhomboidal  or 
hexahedral  plates.  These  crystals  are 
insoluble  in  alcohol,  and  do  not  undergo 
any  change  by  exposure  to  the  air. 
Their  taste  is  peculiarly  bitter,  and  they 
are  violently  poisonous. 

Salts  of  Strontia. 

(§  500.)  The  salts  of  strontia  very  much 
resemble  those  of  baryta  in  their  general 
characters,  and  it  is  sometimes  difficult 
to  distinguish  them.  Sulphuric  acid 
produces,  with  both,  a  precipitate  inso¬ 
luble  in  excess.  But  the  sulphate  of 
baryta  is  absolutely  insoluble  in  water; 
and  if  water,  which  has  been  boiled  with 
it,  be  filtered  and  evaporated  to  dryness, 
there  will  be  no  residue.  If,  however, 


to  water  which  has  been  boiled  with  sul¬ 
phate  of  strontia,  a  few  drops  of  any 
soluble  salt  of  baryta  be  added,  there 
will  be  a  cloudiness  produced,  as  the  sul¬ 
phate  of  strontia  is  very  slightly  soluble. 

A  drop  of  chloride  of  strontium,  eva¬ 
porated  upon  a  slip  of  glass,  crystallizes 
in  slender  prisms,  which  deliquesce  in  a 
moist  atmosphere,  and  are  soluble  in 
alcohol.  This  salt  is  not  poisonous. 

Lastly,  neither  the  solution  of  baryta 
nor  strontia  produces  any  precipitate 
with  the  salts  of  this  base. 

Salts  of  Lime. 

(§  501.)  The  salts  of  lime  are  not  preci¬ 
pitated  by  dilute  sulphuric  acid ;  but  if 
the  solutions  be  very  concentrated,  a 
precipitate  will  be  produced.  This  pre¬ 
cipitate,  even,  may  be  re-dissolved  by 
the  addition  of  nitric  acid,  which  will  not 
take  up  those  formed  by  baryta  and 
strontia.  Solutions  of  baryta  and  stron¬ 
tia  in  water  occasion  precipitates  in 
them.  They  are  also  precipitated  by  the 
oxalic  acid  (hereafter  to  be  described), 
which  has  so  great  an  affinity  for  the 
base,  as  to  separate  it  even  from  the 
mineral  acids.  None  of  them  are  pre¬ 
cipitated  by  ammonia.  They  have,  in 
general,  a  pungent  bitter  taste 

Salts  of  Magnesia. 

(§  502.)  The  salts  of  magnesia  are  pre¬ 
cipitated  by  solutions  of  all  the  caustic 
alkalies  and  alkaline  earths.  Ammonia, 
however,  will  not  occasion  any  precipi¬ 
tate,  if  the  salt  contain  more  than  one 
equivalent  of  acid;  as  in  that  case  a 
double  salt  of  ammonia  and  magnesia  is 
formed,  which  a  further  addition  of  am¬ 
monia  does  not  decompose.  Ammonia, 
moreover,  only  precipitates  half  the  mag¬ 
nesia  of  the  neutral  salts,  and  with  the  re¬ 
mainder  forms  a  double  salt.  The  salts 
of  magnesia  are  precipitated  by  the  neu¬ 
tral  carbonates,  but  not  by  the  bi-carbo¬ 
nates  ;  for  the  bi-carbonate  of  magnesia, 
which  is  formed,  is  very  soluble;  but 
upon  the  application  of  heat,  carbonic 
acid  is  given  off  and  a  precipitate  ensues. 
They  are  not,  like  the  salts  of  lime,  pre¬ 
cipitated  by  oxalate  of  ammonia,  if  mo¬ 
derately  diluted,  and  the  sulphate  is  very 
soluble  in  water,  which  distinguishes  it 
from  those  of  baryta  and  strontia. 

The  whole  class  possesses  a  peculiar 
bitter  taste,  which  is  also  characteristic. 

Salts  of  Alumine. 

($  G03.)  The  salts  of  alumine  are  the 
first  of  the  class  which  are  precipitated 
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by  a  neutral  hydro-sulphuret.  They  all 
change  vegetable  blue  colours  to  red, 
and  the  base  appears  not  perfectly  to 
neutralize  the  acids.  They  possess  a 
well-known  sour  astringent  taste.  If, 
into  a  solution  of  any  salt  of  alumine,  a 
salt  of  potash  or  ammonia  be  dropped, 
an  alum  is  formed  which  is  but  little 
soluble.  All  the  preceding  bases  preci¬ 
pitate  alumine  from  its  salts,  but  the 
precipitate  is  redissolved  by  an  excess  of 
alkali.  When  heated  to  redness  with  a 
few  drops  of  solution  of  cobalt,  they  af¬ 
ford  a  beautiful  blue  colour. 

Salts  of  Manganese. 

(§  504.)  The  salts  of  the  protoxide  of 
manganese  are  in  general  white,  with  a 
slight  tint  of  rose  colour.  They  are  pre¬ 
cipitated  white  by  the  alkalies ;  but  the 
precipitates  very  speedily  change  to 
brown  by  absorption  of  oxygen.  Am¬ 
monia,  as  in  the  case  of  magnesia,  only 
precipitates  half  the  base.  Ferro-cyanate 
of  potash  (§  490)  also  throws  down  a 
yvhite  precipitate.  The  salts  of  manga¬ 
nese  may  likewise  be  readily  distin¬ 
guished  by  their  formation  of  mineral 
chameleon  (§311.).  If  a  small  portion 
be  heated  with  access  of  air  in  a  cru¬ 
cible  with  potash,  a  mass  is  obtained 
which  affords  a  green  solution,  which 
changes  to  red  by  the  addition  of  a  little 
acid. 

Salts  of  Zinc. 

($  505.)  The  salts  of  zinc  are  all  white, 
if  we  except  those  formed  by  the  chro¬ 
mic  acid.  They  are  precipitated  white 
by  the  alkalies  and  by  ferro-cyanate  of 
potash.  An  infusion  of  nut-galls  occa¬ 
sions  no  change  in  them.  All  the' pre¬ 
cipitates  are  soluble  in  excess  of  alkali, 
and  especially  in  ammonia. 

Salts  of  Iron. 

(§  506.)  The  salts  of  iron  are  easily  re¬ 
cognized. 

The  salts  of  the  protoxide  are  gene 
rally  of  a  green  colour,  and  possess  an 
astringent  taste.  The  alkalies  precipi¬ 
tate  them  white,  but  the  precipitate 
changes  first  to  a  green,  and  gradually 
to  an  ochreous  colour:  it  is  slightly 
soluble  in  ammonia.  The  ferro-cyanate 
of  potash  occasions  a  white  precipitate, 
which,  however,  is  more  or  less  tinted 
with  blue,  if  there  be  any  particles  pre¬ 
sent  with  excess  of  oxygen.  Infusion 
of  nut-galls  does  not  occasion  any 
precipitate  with  them.  By  exposure 
to  air  they  become  changed  into  sub¬ 
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salts  and  acid-salts  more  or  less  co¬ 
loured,  which  do  not  crystallize. 

The  salts  of  the  per-oxide  are  precipi¬ 
tated  of  an  intense  blue  colour  by  ferro- 
cyanate  of  potash.  Infusion  of  nut-galls 
occasions  a  deep  bluish-black  precipi¬ 
tate,  which  is  the  basis  of  common 
writing  ink.  The  alkalies  precipitate 
them  of  an  ochre  colour. 

Sulphuretted  hydrogen  does  not  pre¬ 
cipitate  the  base  of  these  salts,  but  re¬ 
duces  them  to  the  state  of  proto- salts 
with  an  abundant  precipitate  of  sulphur. 

Salts  of  Cohalt. 

(§  507.)  The  salts  of  cobalt  are  of  a  rose 
or  blue  colour.  The  alkalies  occasion 
with  them  a  blue  precipitate,  which  is 
redissolved  by  excess  of  ammonia.  When 
melted  with  glass  or  borax  they  occa¬ 
sion  a  deep  blue  permanent  colour. 
Ferro-cyanate  of  potash  forms  with 
them  a  deposit  of  a  yellowish-brown 
colour. 

Salts  of  Nickel. 

(§  508.)  The  salts  of  nickel  are  of  a 
bright  emerald  green  colour,  which  is 
easily  distinguished  from  the  dull  green 
of  other  salts,  as  those  of  iron.  The 
alkalies  throw  down  a  green  precipitate, 
which  becomes  black  by  drying:  it  is 
soluble  in  an  excess  of  ammonia,  which 
forms  with  it  a  beautiful  blue  solution. 
The  only  two  metallic  oxides  which 
afford  blue  solutions  with  ammonia  are 
those  of  nickel  and  copper ;  and  as  the 
latter  is  easily  distinguished  by  other 
tests,  this  property  becomes  distinctive 
of  the  salts  of  the  former.  Ferro-cy¬ 
anate  of  potash  forms  a  bright  yellow 
precipitate. 

The  taste  of  these  salts  is  sweet  and 
metallic. 

Salts  of  Chrome. 

(§  509.)  We  have  seen  that  the  protoxide 
of  chrome  forms  a  salifiable  base  (§272.), 
as  the  peroxide  does  an  acid.  The  salts 
of  the  latter  have  been  described  as  a 
class  (§  472) ;  those  of  the  former  are  of 
a  beautiful  deep  green  colonr.  The  alka¬ 
lies  throw  them  down  of  a  greenish-grey 
colour ;  ferro-cyanate  of  potash  of  a 
green  colour.  Infusion  of  nut  galls  oc¬ 
casions  a  brown  precipitate.  When  any 
salt  of  the  base  of  chrome  is  treated  with 
nitre  at  a  red  heat,  chromate  of  potash 
is  produced,  which,  as  we  have  seen 
(§  473.),  is  of  a  yellow  colour,  and  half 
a  thousandth  part  of  which,  in  water, 
is  clearly  perceptible.  The  oxide  of 
chrome,  which  is  thrown  down  by  the 
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alkalies,  is  easily  recognized  by  the  green 
colour  which  it  communicates  to  glass 
at  a  high  temperature. 

Salts  of  Tin. 

($510.)  The  preceding  groupe  of  salts 
are  precipitated  by  hydro-sulphuret  of 
ammonia;  but  not  by  excess  of  sul¬ 
phuretted  hydrogen  ;  the  following  divi¬ 
sion  consists  of  those  which  are  thrown 
down  by  sulphuretted  hydrogen  alone. 
There  are  two  series  of  the  salts  of  tin : 
those  of  the  protoxide  and  those  of  the 
peroxide. 

The  proto-salts  afford  a  brown  precipi¬ 
tate  with  sulphuretted  hydrogen.  Potash 
and  the  other  alkalies  occasion  a  white 
deposit,  which  retains  a  small  quantity 
of  chlorine,  when  the  salt  is  a  muriate  : 
with  an  excess  of  alkali  and  heat,  the 
black  oxide  is  obtained,  which  is  easily 
reduced  with  a  little  charcoal,  and  the 
metallic  button  may  be  recognized  by 
the  peculiar  smell  of  tin  when  rubbed. 
Ferro-cyanate  of  potash  throws  down  a 
white  precipitate.  Tin  is  the  first  of  a 
series  of  metals  which  may  be  precipi¬ 
tated  by  other  metals  which  have  a 
superior  attraction  for  oxygen.  If  a 
small  plate  of  zinc  be  immersed  in  a 
solution  of  tin,  a  grey  deposit  will  im¬ 
mediately  take  place  upon  it :  this  will 
be  succeeded  by  brilliant  metallic  scales 
which  strongly  reflect  the  light.  The 
tin  is  precipitated,  and  the  zinc  takes  its 
place  with  the  solvent :  not  a  particle  of 
the  former  will  remain  in  solution.  Al¬ 
though  this  effect  is  primarily  occasioned 
by  the  greater  affinity  of  zinc  for  oxygen, 
another  cause  contributes  to  it ;  the 
coat  of  tin  which  is  first  precipitated 
upon  the  zinc  forms  with  it  a  galvanic 
arrangement,  and  the  decomposition 
proceeds  from  the  electric  action  which 
is  excited.  A  kind  of  metallic  vegeta¬ 
tion  takes  place  in  the  solution,  and  the 
distant  effect  at  the  extremes  of  the 
branches  cannot  be  supposed  to  be  the 
result  of  chemical  affinity. 

The  proto-salts  of  tin  have  the  pro¬ 
perty  of  precipitating  chloride  of  gold 
of  a  purple  colour,  as  we  have  already 
seen  ($  393). 

The  per-salts  of  tin  are  distinguished 
from  the  preceding  by  affording  a  dingy 
yellow  precipitate  with  sulphuretted  hy¬ 
drogen,  which  is  analogous  to  the  mosaic 
gold  before  described  (§  289.).  They  are 
easily  reduced  to  salts  of  the  protoxide, 
by  adding  metallic  tin  to  their  solutions. 
They  are  not  precipitated  by  mixture 
with  water. 


Salts  of  Cadmium. 

($511.)  The  salts  of  cadmium  are 
precipitated  by  the  alkalies  in  the  state 
of  a  white  hydrate,  which  is  redissolved 
by  an  excess  of  ammonia.  The  pre¬ 
cipitate  from  sulphuretted  hydrogen  is 
of  an  orange  colour,  and  is  insoluble  in 
pure  potash,  and  sustains  a  white  heat 
without  subliming.  Cadmium  is  thrown 
down  in  the  metallic  state  from  its  solu¬ 
tions  by  metallic  zinc.  The  oxide  is 
readily  reduced  by  mixture  with  char¬ 
coal,  and  the  metal  immediately  recog¬ 
nized  by  its  great  volatility. 

Salts  of  Antimony. 

(§  512.)  The  salts  of  base  of  antimony 
possess  the  remarkable  property  of  being 
precipitated  by  water.  If  we  take  the 
chloride,  for  example,  we  shall  thus  ob¬ 
tain  liquid  muriatic  acid,  containing  a 
little  antimony  in  solution,  and  the  pre¬ 
cipitate  will  consist  of  a  sub-salt.  By 
treating  it  with  excess  of  alkali,  the  oxide 
is  obtained  in  a  state  of  purity.  Anti¬ 
mony,  like  tin,  is  precipitated  in  the  me¬ 
tallic  state  by  zinc.  It  is  also  reduced 
by  tin ;  and  this  is  a  convenient  way  of 
separating  the  two  metals  when  mixed. 
By  immersing  a  plate  of  tin  into  a  solu¬ 
tion  of  the  two  metals  all  the  antimony 
will  be  precipitated.  The  salts  of  anti¬ 
mony  are  not  precipitated  by  ferro-cya¬ 
nate  of  potash ;  and,  as  there  are  but 
two  or  three  others  which  escape  the 
reaction  of  this  salt,  the  character  is 
important.  The  precipitates  of  anti¬ 
mony  are  easily  reduced  with  charcoal, 
and  the  metal  recognized  without  diffi¬ 
culty. 

Salts  of  Bismuth. 

($513.)  The  salts  of  bismuth  are  colour¬ 
less,  and  yield  an  intensely  black  pre¬ 
cipitate,  with  sulpuretted  hydrogen.  Tin, 
copper,  and  zinc  precipitate  the  metal 
from  their  solutions.  It  may  be  recog¬ 
nized  by  its  reddish-white  colour,  and 
by  its  great  brittleness. 

The  nitrate  of  bismuth  affords,  with 
water,  a  copious  white  precipitate,  and 
the  metal  may  by  this  means  be  both 
distinguished  and  separated  from  others. 
It  consists  of  a  sub-nitrate,  which,  on 
account  of  its  great  beauty,  has  been 
employed  as  a  paint  for  improving  the 
complexion. 

Salts  of  Lead. 

($  514.)  The  salts  of  lead  are  all  white, 
with  the  exception  of  those  which  are 
formed  with  the  coloured  metallic  acids. 
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The  alkalies  precipitate  from  them  a 
white  hydrated  oxide ;  and  sulphuretted 
hydrogen  throws  them  down  of  a  black 
colour.  The  sensibility  of  the  latter 
test  is  so  great,  that  it  will  detect  the 
hundred-thousandth  part  of  the  metal 
in  any  solution.  Lead  is  one  of  the  few 
metals  which  form  an  insoluble  salt  with 
sulphuric  acid ;  and  if  the  solution  of 
any  sulphate  be  dropped  into  the  solu¬ 
tion  of  any  of  its  salts,  a  copious  white 
deposit  will  be  produced.  It  is,  how¬ 
ever,  soluble  in  an  excess  of  sulphuric 
acid. 

Ferro-cyanate  of  potash  produces  a 
white  precipitate.  They  are  reduced  to 
the  metallic  state  by  zinc,  tin,  and  many 
other  metals.  We  have  already  de 
scribed  a  precipitation  of  this  nature 
as  an  illustration  of  chemical  affinity 
(§  26.1. 

The  salts  of  lead  have  a  peculiar  sweet 
astringent  taste,  very  different  from  the 
metallic  flavour  of  those  of  other  metals. 

Salts  of  Copper. 

(§  515.)  The  solutions  of  all  the  salts 
of  copper  have  a  blue  colour  when  di¬ 
luted,  and  green  when  concentrated. 
This  alone  is  sufficient  to  distinguish 
them  from  those  of  any  other  metal. 

A  small  proportion  of  potash  preci¬ 
pitates,  from  the  sulphate,  a  green  sub¬ 
salt  ;  but  in  excess  it  throws  down  the 
black  oxide.  Ammonia  redissolves  the 
precipitate,  and  a  splendid  deep  blue 
solution  is  produced. 

Ferro-cyanate  of  potash  causes  a  red 
or  copper-coloured  precipitate,  which  is 
quite  characteristic  of  the  metal.  The 
copper  is  deposited  in  the  metallic  state 
both  upon  zinc  and  iron.  The  taste  of 
the  salts  of  copper  is  styptic,  and  highly 
nauseous,  and  they  are  all  poisonous. 

Salts  of  Mercury. 

(§  516.)  The  salts  of  both  the  protoxide 
and  the  peroxide  of  mercury  are  decom¬ 
posed  or  volatilized  by  the  action  of 
heat ;  the  chorides  sublime ;  the  nitrates 
are  decomposed  with  the  production  of 
oxygen  and  metallic  mercury.  They  are 
precipitated  by  the  alkalies,  and  the 
precipitate  gives  off  oxygen  when  heated. 
The  black  deposit  which  is  formed  by 
sulphuretted  hydrogen  changes  to  the 
colour  of  cinnabar  when  reduced  to  an 
impalpable  powder.  The  precipitate 
from  the  proto-salts  by  the  alkalies  is 
black ;  that  from  the  per-salts  yellow. 

Ferro-cyanate  of  potash  produces  a 
white  precipitate  with  this  class  of  salts. 


Salts  of  Silver. 

(§517.)  The  solutions  of  the  salts  of 
silver  are  colourless ;  alkalies  throw 
down  from  them  a  black  precipitate, 
which  is  reduced  to  the  metallic  state 
upon  red-hot  charcoal.  Silver,  lead 
and  mercury  in  the  lowest  state  of  oxi 
dation  are  the  three  metals  which  form 
insoluble  salts  with  sulphuric  acid ; 
a  small  quantity  of  the  first,  however, 
is  taken  up. 

The  salts  of  silver  are  precipitated  by 
the  chlorides,  and  the  deposit,  when 
exposed  to  light,  changes  from  white  to 
a  deep  violet  colour.  It  is  soluble  in 
ammonia ;  but  wholly  insoluble  in  water 
or  acids.  This  chloride  of  silver  is  re 
duced  to  the  metallic  state  by  the  greatest 
part  of  the  other  metals.  Silver  may 
be  reduced  from  its  combination  with 
nitric  acid  by  copper  and  by  mercury. 

Salts  of  Platinum. 

(§  518.)  The  solutions  of  platinum 
(§  395.),  which  are  of  a  yellow  colour, 
are  not  precipitated  by  ferro-cyanate  of 
potash;  and  this  is  a  very  distinctive 
character.  Muriate  of  potash  and  mu¬ 
riate  of  ammonia  both  throw  it  down  of 
a  yellow  colour,  in  the  state  of  a  double 
salt.  This  metal,  having  a  very  slight 
affinity  for  oxygen,  is  precipitated  by 
many  others,  and  even  by  silver. 

Salts  of  Gold. 

(§  519.)  The  solutions  of  gold  are  also 
of  a  yellow  colour.  The  gold  is  preci¬ 
pitated  from  them  in  the  metallic  state 
by  proto-muriate  of  iron,  and,  as  we 
have  just  seen  (§  5 1 1 ),  as  a  purple  powder 
by  proto-muriate  of  tin. 

($  520.)  Such  are  the  characters  by 
which  the  bases  of  the  principal  salts 
may  be  distinguished;  and  which,  with 
the  leading  characters  derived  from 
their  acids,  and  the  properties  of  the 
individual  species  which  we  have  before 
described,  afford  us  the  ready  means, 
by  simple  and  well-directed  experiments, 
of  recognising  any  unknown  specimen. 
For  facilitating  such  examination,  every 
practical  chemist  provides  himself  with 
solutions  of  the  three  mineral  acids,  the 
alkalies,  and  the  alkaline  carbonates  of 
absolute  purity  and  of  definite  strength, 
so  calculated  that  one  measure  of  the 
one  will  either  neutralize  one  measure, 
or  some  simple  multiple  of  one,  of  the 
other.  He  also  is  careful  that  the  so¬ 
lutions  of  such  salts  as  he  may  employ 
for  re-acting  upon  the  elements  of  other 
salts  of  unknown  constitution  are  in  a 
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state  of  purity ;  and  such  solutions  he 
distinguishes  by  the  name  of  tests  or 
re-agents.  The  apparatus  in  which  all 
the  solutions,  digestions,  evaporations 
and  precipitations  necessary  for  these 
purposes  are  effected  is  of  the  simplest 
nature ;  and  consists  of  thin  tubes 
closed  at  one  end,  and  called  test  tubes, 
watch  glasses,  and  small  plates  of  glass, 
and  glass  rods :  and  it  should  be  well 
impressed  upon  the  mind  of  the  student, 
that  one  of  the  most  useful  of  experi¬ 
mental  acquirements  is  a  facility  of  effec¬ 
tually  substituting  an  apparatus  or  vessel 
at  hand  for  another  that  is  wanting.  The 
smallest  quantity  of  a  re-agent  may  be 
added  to  a  drop  of  a  solution  placed  on 
a  glass  plate,  and  from  its  transparency, 
and  the  different  positions  in  which  it 
may  be  held,  the  appearances  and 
changes  may  be  viewed  to  the  greatest 
advantage.  The  forms  of  any  crystals 
may  also  be  very  satisfactorily  deter¬ 
mined  by  the  slow  evaporation  of  a 
small  drop  of  their  solution  upon  a 
similar  plate.  The  facility,  the  neatness 
and  precision  with  which  one  who  is 


well  acquainted  with  the  resources  of 
his  art,  will  often  proceed  to  determine 
the  nature  of  an  unknown  body  by  the 
microscopical  changes  which  take  place 
in  drops  of  different  solutions  upon  a 
slip  of  glass,  would  appear  little  less 
than  miraculous  to  a  person  who  was 
unacquainted  with  the  definite  nature 
of  chemical  compounds  ;  but  nothing 
but  deep  study  and  persevering  prac¬ 
tice  can  render  a  chemist  master  of 
these  elegant  processes  for  detecting  mi¬ 
nute  portions  of  matter.  It  is  impos¬ 
sible  that  we  should,  upon  the  present 
occasion,  enter  upon  the  minutiae  of  che¬ 
mical  manipulation ;  and  as  this  treatise 
is  only  designed  as  an  introduction  to  a 
complete  body  of  chemistry,  or  as  a 
kind  of  skeleton  to  denote  the  con¬ 
nexion  of  the  different  parts,  we  must 
refer  to  future  essays  for  the  details 
which  will  be  necessary  to  those  who 
wish  to  become  proficients  in  this  useful 
and  fascinating  science. 

We  shall  now  recapitulate  the  com¬ 
position  of  the  principal  salts  before 
described  in  the  form  of  a  table. 


TABLE  VIT. 


Salts  or  Compounds  of  the  Acids  and  Bases. 


Nitric  Acid 


'Nitrate  of  Potash 
Soda 

Ammonia 

Baryta 

Lime 


(IN  14  +  5  0  40) 


Chloric  Acid 
(.1C  36  -f  5  O  40 


Copper 

Lead 

Protonitrate  of  Mercury 
Pernitrate  of  ditto 
^Nitrate  of  Silver 
(  Chlorate  of  Potash 
|  Soda 

Baryta 


Perchloric  Acid 
(l  C36  +  8  O  64) 


Muriatic  Acid 
(1  C  36  +  1  LI  1) 


| Perchlorate  of  Potash 

'Chloride  of  Potassium 
Sodium 

Muriate  of  Ammonia 
Chloride  of  Barium 
Calcium 

I  Protochloride  of  Copper 
Perchloride  of  ditto 
Chloride  of  Lead 
Protochloride  of  Mercury 
Perchloride  of  ditto 
Chloride  of  Silver 


(1  1  124 +  5  0  40,  }Iodate  of  Potash 
Hydriodic  Acid  lHydriodate  of  Potash 
(1  I  124  +  1  H  l  J  Ammonia 


Equivalents] 


102 

1  N  54 

86 

1  N  54 

71  +  9  W[1  N  54 

132 

1  N  54 

82 

1  N  54 

188 

2  N  108 

166 

1  N  54 

262 

1  N  54 

486 

1  N  54 

172 

1  N  54 

124 

1  C  76 

108 

1  C  76 

154 

1  C  76 

148 

1  P  C  100 

76 

1  C  36 

60 

1  C  36 

54  +  9  W  1  M  37 

106 

1  C  36 

56 

l  C  36 

100 

1  C  36 

136 

2  C  72 

140 

1  C  36 

236 

1  C  36 

272 

2  C  72 

146 

1  C  36 

212 

1  I  164 

173 

1  IL  125 

142 

1  H  125 

+  1  P48 
+  1  S32 
+  1A17+1W9 
+  1  B  7/8 
+  1  L  28 
+  1  C80 
+  1  L  112 
+  1  M  208 
+  2  M  432 
+  S  118 
+  1  P  48 
+  1  S  32 
+  1  B  78 

+  1  P48 

+  1  P40 
+  1  S  24 
+  1A17  +  1W9 
+  IB  70 
+  1  Ca  20 
+  1  Co  64 
+  1  Co  64 
+  1  L  104 

+  1  M  200 
+  1  M  200 
+  1  S  110 

+  .  P  43 

+  1  P  48 
+  1  A  17 
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Sulphuric  Acid 
(1  S  16  +  30  24) 


Sulphate  of  Potash 
Bisulphate  of  ditto 
Sulphate  of  Soda 

Ammonia 
Baryta 
Lime 

7  Magnesia 

Alumine 
Protosulphate  of  Iron 
Persulphate  of  ditto 
Sulphate  of  Copper 
Protosulphate  of  Mercury 
Persulphate  of  ditto 
Sulphate  of  Silver 

Sulphuretted  Hy-Vfjydrosulphuret  of  Potash 

o^TIW  A" 

Phosphoric  Acid  1  Phosphate  of  Soda 
(1P12 +  2  016)1  Lead 

'Carbonate  of  Potash 
Bicarbonate  of  ditto 
Sesquicarbonate  of  ditto 
Carbonet  of  Soda 
Bicarbonate  of  ditto 
Sesquicarbonate  of  ditto 
n  ,  ■  a  •,  Carbonate  of  Ammonia 

C^n^Ac'V  Bicarbonate  of  d.tto 

Sesquicarbonate  of  ditto 
Carbonate  of  Baryta 
Lime 
Magnesia 
Iron 

Copper  1( 
^  Lead 

jBorate  of  Soda 

l  Chromate  of  Potash 
(1  C  28  +  3  0  24)  /Bichromate  of  ditto 
Hydrofluoric  Acid  i  Hydro-fluate  of  Ammonia 
(1  F  18  +  1  H  1) /Fluoride  of  Calcium 


Equivalents 

88 

128 

72 

66 

118 


1  S  40- 

2  S  80 
1  S  40 
1  S  40 
1  S  40 


68+18  Wl  S 40 
60  1  S  40 

58  1  S  40 

76  1  S  40 

100  HS60 
160+  90W2S80 


+  1  P48 
+  1  P  48 
+  1  So  32 
+  1  Al  7  +  1 W0 
+  1  B  78 
+  1  L28  +  ?  WlS 
+  1  M  20 
+  1  A  18 
+  1  I  36 

+  1  140 

+  1CS0+10W90 


(1  C  6  +  2  O  16) 


Boracic  Acid 
(1  B  +  2  O  16) 
Chromic  Acid 


248 

1  S  40 

+ 

1  M  208 

296 

2  S  80 

+ 

1  M  216 

158 

1  S  40 

+ 

1  Si  118 

65 

1  H  17 

+ 

1  P  48 

34 

1  H  17 

+ 

1  A  17 

60 

1  P  28 

+ 

1  S  32 

140 

l  P  28 

+ 

1  L  112 

70 

1  C  22 

+ 

1  P  48 

92 

2  C  44 

+ 

l  P  48 

81 

1£  C33 

+ 

1  P  48 

54 

1  C  22 

+ 

1  S  32 

76 

2  C  44 

+ 

1  S  32 

65 

1  C  33 

+ 

1  S  32 

39 

1  C  22 

+ 

1  A  1 7 

61+18  W  2  C  44 

1 

1A17  +  2\V  18 

50  +  9W 

1JC  33 

+ 

1  A17  + 1 W  9 

100 

1  C  22 

+ 

1  B  78 

50 

1  C  22 

+ 

1  L  28 

42 

1  C  22 

+ 

1  M  20 

58 

1  C  22 

+ 

1  136 

2  +  9  W  1  C  22 

+ 

1C80  +  1W9 

134 

1  C  22 

+ 

1  L  1 12 

76 

2  B  44 

+ 

1  S  32 

100 

1  C  52 

+ 

1  P48 

152 

2  C  104 

+ 

1  P  48 

36 

1H  19 

+ 

1  A 1 7 

38 

1  F  18 

+ 

1  C  20 

(§521.)  The  very  confined  limits  im¬ 
posed  upon  us  oblige  us  here  to  ter¬ 
minate  this  condensed  account  of  the 
Chemistry  of  Inorganic  Substances. 
The  student  who  shall  have  attentively 
followed  us  thus  far  will,  it  is  hoped, 
have  formed  such  an  acquaintance  with 
those  forms  of  matter  which  the  present 
state  of  our  knowledge  obliges  us  to 
consider  as  elementary  (or  ultimate 
principles),  and  of  the  simple  laws  by 
which  they  combine  and  form  com¬ 
pounds  capable  of  further  definite  com¬ 
bination  (and  which  may  be  designated 
as  proximate  principles),  as  well  as  of 
the  still  simple  products  of  these  latter, 
in  which  all  chemical  affinities  seem  to 
be  saturated,  as  may  enable  him  to  un¬ 
derstand  the  more  complicated  and  ob¬ 
scure  products  of  the  organic  creation. 

In  the  inorganic  department  of  N ature 


which  we  have  hitherto  discussed,  the 
ultimate  principles  are  numerous:  but 
they  generally  unite  in  binary  combi¬ 
nations,  and  by  the  direct  union  of  such 
binary  combinations  others  are  finally 
produced.  In  the  products  of  the  or¬ 
ganic  department,  upon  which  we  are 
next  to  enter,  under  the  mysterious 
agency  of  vegetable  and  animal  life,  the 
ultimate  principles  are  far  less  varied ; 
but  there  is  much  more  diversity  in  the 
modes  in  which  they  are  combined. 
The  elementary  substances  and  the  laws 
of  affinity  are  the  same  in  both  ;  but 
instead  of  the  mere  binary  combinations 
of  the  mineral  kingdom,  the  vegetable 
and  animal  kingdoms  present  us  with 
individual  compounds  in  which  the  affi¬ 
nities  of  three,  four,  or  more  substances 
are  balanced  in  complicated  states  of 
union.  It  is  this  comparative  simplicity 
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of  construction  which  confers  upon  the 
various  compounds  which  we  have  been 
considering  a  permanancy,  under  ordi¬ 
nary  circumstances,  which  is  commonly 
wanting  in  the  classes  which  remain  for 
description:  they  are  in  general  little 
liable  to  spontaneous  changes,  and  the 
balance  of  their  affinities  is  not  easily 
subverted.  The  relative  force  of  attrac¬ 
tion  by  which  their  principles  are  united 
can,  in  some  measure,  be  estimated,  and 
the  circumstances  by  which  that  attrac¬ 
tion  is  modified  determined ;  so  that  by 
presenting  these  principles  to  each  other 
under  these  circumstances  we  can  effect 
their  combination,  or  form  compounds 
of  precisely  the  same  properties.  We 
can  analyse  these  compounds  with  equal 
facility,  or  by  a  simple  decomposition 
separate  their  principles  so  as  to  obtain 
them  isolated.  Their  composition  can, 
therefore,  be  ascertained  with  accuracy, 
and  not  only  the  nature  and  proportions 
of  their  constituent  parts,  but  the  modes 
in  which  these  are  combined. 

The  chemical  characters  of  vegetable 
and  animal  products  are,  as  we  shall 
hereafter  see,  altogether  different.  As 
they  always  consist  of  three  or  more 
principles  which  have  strong  mutual 
attractions,  the  balance,  by  which  any 
particular  compound  exists,  is  easily 
disturbed  ;  the  principles  have  a  per¬ 
petual  tendency  to  react  on  each  other, 
and  form  new  combinations,  and  the 
slightest  alteration  of  circumstances 
gives  efficiency  to  this  tendency.  Hence 
they  are  liable  to  spontaneous  changes 
from  alterations  of  temperature;  and 
water,  which,  in  the  class  which  we  have 
been  considering,  under  ordinary  cir¬ 
cumstances,  only  exerts  that  minor  de¬ 
gree  of  chemical  affinity  by  which  solu¬ 
tion  is  effected  (§12),  becomes  with  them, 
under  similar  circumstances,  decomposed, 
and  introduces  new  elements  of  change. 

From  our  ignorance  of  all  the  neces¬ 
sary  conditions  of  the  problem,  we  are 
also  unable  artificially  to  balance  the 
attractions  of  the  principles  of  which 
organic  bodies  are  formed,  or  to  place 
them  under  the  circumstances  under 
which  they  were  brought  into  union  in 
the  vessels  of  the  animal  or  plant ;  and 
can  seldom,  therefore,  form  compounds 
of  a  similar  nature. 

Another  cause  of  the  grand  distinction 
which  exists  between  the  chemistry  of 
inorganic  and  orgame  substances  may 
be  found  in  the  nature  of  those  elements 
which  constitute  the  basis  of  the  latter; 
these  are  oxygen,  hydrogen,  nitrogen, 
and  carbon :  the  three  first  are  perma¬ 


nently  elastic  fluids,  and  incapable  of 
assuming  the  liquid  form  by  any  means 
at  present  known  to  us,  and  are  also 
nearly  insoluble  in  every  liquid:  the 
second  is  as  permanent  a  solid,  inca¬ 
pable  of  fusion,  and  insoluble  in  any 
known  menstruum;  consequently  the 
elasticity  of  the  former  and  the  cohesion 
of  the  latter  present  obstacles  to  their 
combination,  which  the  force  of  affinity 
is  incapable  of  overcoming.  (§  3.)  The 
action  of  a  high  temperature  alone, 
under  such  circumstances,  could  give 
efficiency  to  the  latter ;  but  such  a  tem¬ 
perature  is  inconsistent  with  the  exist¬ 
ence  of  any  organised  body. 

(§  522.)  An  analogous  instance,  how¬ 
ever,  presents  itself  to  us  in  the  mineral 
kingdom  in  the  class  of  silicious  com¬ 
pounds,  respecting  which  there  exists 
more  uncertainty  than  with  regard  to 
any  other  products  of  inorganic  che¬ 
mistry.  We  are  unable  to  imitate  the 
various  combinations  of  silex  with  other 
oxides  which  are  presented  to  us  in  na¬ 
ture  ;  and  although  Ihe  art  of  analysis 
can  reduce  them  to  their  elements,  and 
assures  us  of  their  definite  composition, 
the  infusibility  and  insolubility  of  their 
principal  ingredient  renders  it  impossible, 
in  most  cases,  to  bring  into  play  the 
affinities  which  would  doubtless  be  de¬ 
veloped,  if  the  strong  opposing  power  of 
cohesion  could  only  be  overcome.  We 
are  thus  deprived  of  that  higher  degree 
of  certainty  with  regard  to  the  constitu¬ 
tion  of  these  bodies,  which  forms  the 
perfection  of  chemical  demonstration 
(§  47.).  It  is  on  this  account  that  we 
refer,  as  we  have  before  stated  (§  186.), 
to  the  Treatise  on  Mineral  Analysis  for 
an  account  of  those  peculiar  natural 
products  of  the  mineral  kingdom. 

(§  523.)  We  are  not,  however,  to  sup¬ 
pose  that  the  two  great  branches  of  the 
science,  inorganic  and  organic  chemistry 
are  totally  separated  from  one  another 
by  the  marked  line  of  distinction  which 
we  have  been  pointing  out :  there  are 
no  such  defective  links  in  the  great 
chain  of  natural  knowledge.  The  divi¬ 
sion  is  artificial ;  and,  like  other  in¬ 
stances  of  classification,  insisted  on  as 
a  help  to  memory.  The  two  divisions 
amalgamate,  as  we  shall  find,  at  various 
points  in  the  order  of  nature :  and  not 
the  least  interesting  part  of  our  future 
researches  will  be  into  the  action  of 
mineral  upon  vegetable  and  animal  pro¬ 
ducts,  and  the  various  combinations  of 
inorganic  with  organic  principles  ;  which 
are  the  real  creations  of  art  working 
with  the  powers  of  nature. 
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Botany  is  that  branch  of  natural  his¬ 
tory  which  relates  to  the  structure, 
vital  action,  classification,  and  uses 
of  those  objects  in  the  organic  world 
which  we  call  plants.  Tn  the  language 
of  some  persons,  indeed,  it  is  confined 
to  a  mere  explanation  of  the  art  of 
classifying  plants,  and  to  the  power  of 
using  such  classifications  so  as  to  as¬ 
certain  the  name  of  a  given  species 
with  certainty;  by  others  it  is  allowed 
to  comprehend  a  knowledge  of  the 
various  kinds  of  structure  which  we 
meet  with  in  the  vegetable  kingdom, 
but  scarcely  to  extend  beyond  those 
two  departments.  But,  in  reality,  the 
former  of  these  objects,  however  impor¬ 
tant,  is  only  a  collateral  branch  of  the 
subject :  and  the  latter  is  but  a  portion, 
although  an  essential  one,  of  those  in¬ 
vestigations  from  which  botany  derives 
its  claim  to  the  rank  of  science. 

The  study  of  the  works  of  nature, 
independently  of  its  contributing  in  a 
powerful  degree  to  elevate  the  mind  of 
man,  and  to  bring  him  into  communion 
with  his, Creator,  is  of  great  conse¬ 
quence,  as  being  the  means  by  which 
he  is  enabled  to  compel  all  living  things 
to  minister  to  his  comforts,  his  plea¬ 
sures,  or  his  necessities.  It  is  to  the 
latter  objects,  chiefly,  that  naturalists 
usually  direct  their  attention  ;  because 
it  is  justly  supposed  that  all  higher 
considerations  of  necessity  grow  out  of 
the  investigations  in  which  we  must 
engage,  in  order  to  apply  any  branch 
of  natural  history  to  practical  purposes. 

The  properties  of  vegetable  produc¬ 
tions,  with  reference  to  their  utility  to 
mankind,  are  influenced  by  the  species 
or  varieties  from  which  they  are  de¬ 
rived  ;  by  the  mechanical  structure  or 
chemical  composition  of  the  part  of 
the  plant  made  use  of;  and  by  the  phe¬ 
nomena  and  changes  connected  with 
the  action  of  the  vital  principle  of 
vegetation,  which  may  be  considered 
either  independently  of  external  cir¬ 
cumstances,  or  when  controlled  either 


by  natural  causes  or  by  artificial  means. 
In  order  to  apply  the  knowledge  of 
such  objects  usefully,  and  to  render  it 
available  to  others,  arrangement  and 
method  are  indispensable  ;  not  only  in 
regard  to  the  ideas  derived  from  a  con¬ 
sideration  of  the  nature  of  plants,  but 
in  regard  to  plants  themselves. 

Hence  four  grand  divisions  of  the 
science  of  botany  into — 

I.  Structural  Botany  ;  which  com¬ 
prehends  whatever  relates  to  the  laws 
of  vegetable  structure,  whether  exter¬ 
nal  or  internal,  independently  of  the 
presence  of  a  vital  principle. 

II.  Physiological  Botany  ;  to 
which  belongs  all  that  concerns  the 
history  of  vegetable  life,  from  the  mo¬ 
ment  when  the  vital  principle  is  im¬ 
parted  to  the  seed  and  the  plant  first 
breaks  its  shell,  to  the  period  of  death  : 
explaining  the  functions  which  the 
various  organs  are  destined  to  perform  ; 
the  changes  they  undergo  in  health  or 
sickness,  and  under  all  the  influences 
exercised  by  climate,  seasons,  acci¬ 
dents,  or  the  art  of  man. 

III.  Descriptive  Botany;  from 
which  we  learn  the  art  of  describing 
plants  with  accuracy,  so  that  their 
characters  may  be  recognized  with  cer¬ 
tainty  by  others,  and  of  giving  to  plants 
names  by  which  they  can  be  mentioned 
without  confusion  when  written  or 
spoken  of. 

IV.  Systematic  Botany  ;  which 
explains  the  principles  upon  which  are 
determined  the  mutual  relations  that 
combine  the  seemingly  discordant 
members  of  the  vegetable  kingdom 
into  one  harmonious  whole  ;  and  which 
teaches  the  art  of  distinguishing  any 
plant  from  all  others,  so  as  always  to 
determine  its  name  with  precision. 

These  subjects  we  shall  treat  in  the 
order  in  which  they  have  been  men¬ 
tioned. 

B 
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Part  I.— Structural  Botany. 

Chapter  I. 

A  general  view  of  the  external  Struc¬ 
ture  of  a  Plant  complete  in  all  its 

Parts. 

A  plant  is  a  living  body,  deprived  of 
sensation  or  power  of  moving  from 
place  to  place,  and  fed  by  means  of 
external  roots. 

Animals,  on  the  contrary,  are  en¬ 
dowed  with  sensation  and  the  power  of 
voluntary  motion  from  place  to  place ; 
and  are  fed  by  means  of  an  internal 
bag  consisting  of  one  or  more  stomachs. 

These  differences  are  readily  enough 
observed  between  animals  and  plants 
of  the  higher  and  more  perfect  grades ; 
but  there  are  many  of  the  more  minute, 
and  apparently  more  simple,  kinds 
which  it  may  appear  difficult  to  refer 
with  certainty  to  either  of  the  above 
classes.  Aquatic  animals  of  the  poly- 
piferous  kind,  for  instance,  have  not 
only  very  much  the  appearance  of  a 
plant,  being  attached  to  rocks  by  a  sort 
of  root ;  but  actually  grow,  as  plants 
do,  by  the  continual  emission  of  new 
branches.  Marine  plants,  like  these 
animals,  derive  no  food  from  their  ap¬ 
parent  root,  and  seem  to  have  a  sort  of 
universal  external  stomach  ;  while 
some  of  the  minuter  kinds  of  filament¬ 
ous  aquatic  plants  or  sea-weeds,  after 
being  detached  from  the  soil  by  acci¬ 
dent  or  otherwise,  continue  to  grow'  as 
they  float  in  the  water,  and  often  ap¬ 
pear  to  have  a  certain  degree  of  motion, 
when  it  may  be  difficult  to  ascertain 
with  certainty  whether  it  be  owing  to 
internal  volition  or  to  external  physical 
influences.  In  these  cases  the  mode 
of  nutrition  is  the  only  certain  test  by 
which  the  objects  in  question  can  be 
referred  to  one  of  the  great  kingdoms 
of  animals  and  plants. 

It  is,  however,  obvious,  that  what¬ 
ever  difficulties  may  attend  the  distin¬ 
guishing  of  plants  from  animals  in 
particular  cases,  their  differences  are, 
generally,  sufficiently  apparent.  With¬ 
out  occupying  ourselves,  then,  with  a 
question  which  belongs  to  the  theory  of 
creation  more  than  to  botany,  let  us 
cast  a  hasty  glance  over  the  structure 
of  some  plant  in  which  is  present  every 
organ  that  is  usually  met  with  in  what 
we  consider  a  species  complete  in  all 
its  parts. 

Such  a  plant  is  the  violet  (Viola 


odorata),  or  the  heart's-ease  (Viola  tri¬ 
color).  The  latter  consists  of  a  num¬ 
ber  of  green,  or  yellow,  or  purple  parts, 
arranged  symmetrically  upon  a  green 
angular  axis,  which  puts  forth  under 
ground  many  slender  whitish  threads, 
divided  in  an  irregular  manner.  The 
green  angular  axis  {fig.  1,  a)  is  the 
stem,  the  slender  threads  (b)  are  roots. 

Upon  the  stem  are  placed,  at  equal 
distances,  certain  flat,  green,  toothed 
bodies,  which  gradually  taper  into  a 
thin  stalk ;  it  is  almost  superfluous  to 
say  that  these  are  leaves  ( c ).  At  the 

Fig-  1. 


base  of  each  leaf  are  placed  two  other 
thin  green  parts  id),  which  are  very 
like  the  leaves,  only  they  are  smaller, 
and  are  deeply  gashed  near  the  bottom 
instead  of  tapering  into  a  stalk ;  to 
these  is  given  the  name  of  stipules. 

The  axis,  consisting  of  stem  and  root, 
together  with  the  leaves  and  stipules, 
forms  the  organs  of  vegetation;  so 
named  because  they  have  no  other 
destination  than  to  enable  a  plant  to 
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live  and  grow,  and  perform  those  vital 
actions  which  are  not  connected  with 
the  office  of  spontaneous  propaga¬ 
tion. 

From  the  angle  (e),  formed  by  the 
junction  of  the  leaf  with  the  stem, 
which  is  called  the  axil,  springs  a 
slender  angular  stalk,  on  the  top  of 
which  the  flower  is  seated.  This  stalk, 
called  the  peduncle,  has,  near  its  upper 
end,  a  couple  of  little  scales  if)  named 
bracts,  which  are  of  a  nature  interme¬ 
diate  between  the  organs  of  vegetation 
and  those  of fructification.  The  latter 
name  is  given  to  the  parts  of  a  flower, 
because  their  office  is  exclusively  to 
enable  a  plant,  by  fructifying,  to  mul¬ 
tiply  its  species  spontaneously. 

The  flower  consists,  externally,  of 
five  small,  narrow,  green  leaves  (g), 
called  sepals,  and  of  the  same  number 
of  larger  yellow  and  purple  leaves  ( h ), 
called  petals:  the  sepals  taken  col¬ 
lectively  form  a  calyx,  and  the  petals, 
in  like  manner,  form  a  corolla.  These 
two  are  often  named  floral  envelopes. 

Within  the  petals,  and  quite  hidden 
from  view  by  the  bases  of  those  organs, 
until  they  are  pulled  off,  is  a  row  of 
five  thin,  pale-yellow  parts  (i)  sticking 
together  a  little  by  their  edges,  but 
separated  from  the  body  they  surround; 
they  are  named  stamens,  and  are  the 
fertilizing  apparatus  of  the  flower. 
They  surround  a  hollow  body  ( k ) 
tapering  into  a  zigzag  cone,  and  ter¬ 
minating  in  a  globular  head :  this  is 
the  fructifying  apparatus,  and  is  called 
the  pistil;  within  its  hollow  base  may 
be  found  the  young  seeds,  which  we 
name  ovules,  from  their  resemblance 
to  little  eggs,  or  ova. 

By  certain  curious  operations,  which 
need  not  now  be  explained,  the  pistil  is 
fertilized  ;  after  which  it  swells,  alters 
its  form  and  texture,  and  at  last  be¬ 
comes  th e.  fruit  (l),  which  is  hard  and 
dry,  splits  into  three  pieces,  and  sheds 
the  seeds  which,  by  that  time  are  ripe 
and  fully  formed.  The  seed  (m)  con¬ 
sists  of  a  shell,  containing  a  quantity 
of  fleshy  matter  (o),  from  its  resem¬ 
blance,  in  use,  to  the  white  of  an  egg, 
called  albumen  ;  in  the  midst  of  which 
lies  an  embryo  plant  in),  which  is  sup¬ 
posed  to  be  nourished  by  the  albumen 
until  it  breaks  the  shell  and  is  strong 
enough  to  gain  its  food  for  itself. 

Such  is  the  heart’s-ease ;  such  are 
the  organs  which  constitute  the  fabric 
of  all  the  most  perfectly  constructed 
plants.  Lowly  a  species  as  it  is,  it 


comprehends  every  part  that  is  em¬ 
ployed  by  nature  in  the  formation  of 
the  loftiest  tree  of  the  forest ;  the 
difference  in  size  between  it  and  a  tree 
being  caused  by  nothing  more  than 
an  endless  multiplication  of  similar 
parts  of  vegetation,  constructed  al¬ 
ways  upon  a  similar  plan,  adjusted 
to  each  other  in  the  most  admirable 
manner,  and  all  working  in  perfect 
harmony  and  order.  The  stem  in 
the  heart's-ease  perishes  every  year; 
in  an  oak  it  lives  from  year  to  year 
and  from  age  to  age,  constantly  aug¬ 
menting  in  size.  This,  however,  is  not 
owing  to  any  material  difference  in  the 
structure  of  the  two  species,  but  to  a 
specific  power  of  prolonged  vitality  in 
trees,  which  plants  like  the  heart’s- 
ease  are  destitute  of.  To  make  this  more 
intelligible,  suppose  a  heart’s-ease  to 
produce,  in  the  course  of  the  first  year 
of  its  life,  a  stem  with  twenty  leaves, 
and  that  its  stem  is  hard  and  perennial, 
instead  of  soft  and  annual.  In  the 
second  year,  its  stem,  by  virtue  of  a 
power  hereafter  to  be  explained,  may 
form  a  new  branch  at  the  axil  of  each 
of  its  twenty  leaves  ;  and  as  the  second 
branches  may  be  as  large,  at  least,  as 
the  first,  it  may,  therefore,  multiply  its 
dimensions  twenty  times.  In  the  third 
year  the  same  operation  may  take 
place ;  and  the  consequence  of  this 
will  be,  an  augmentation  equal  to  four 
hundred  times  its  original  dimensions ; 
and  so  on  in  a  geometrical  ratio.  At 
this  rate  a  heart’s-ease  would  soon  de¬ 
velop  into  an  enormous  tree  ;  and 
although  that  species  never  does  so 
change  its  nature,  yet  it  is  quite  true 
that  every  tree,  in  the  first  year  of  its 
existence,  is  formed  upon  a  plan  ana¬ 
logous  to  that  of  the  heart’s-ease,  and 
never  more  complicated  ;  and  that  its 
subsequent  growth  into  a  giant  of  the 
forest  takes  place  upon  the  plan  that 
has  just  been  adverted  to  in  a  suppo¬ 
sititious  case. 

The  adaptation  of  all  these  parts  to 
the  maintenance  of  a  perfect  system  of 
life,  in  which  each  organ  performs  its 
allotted  office  with  unvarying  regu¬ 
larity  and  with  the  most  admirable 
harmony,  so  that  no  one  interferes  with 
another,  is  among  the  most  beautiful 
instances  of  contrivance  in  the  crea¬ 
tion.  It  is  the  especial  business  of 
physiological  botany  to  explain  this, 
which  will  therefore  be  the  subject  of 
detailed  illustration  hereafter.  In  the 
meanwhile,  a  brief  exposition  of  the 
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leading  functions  of  the  several  organs 
will  render  the  account  we  shall  have 
to  give  of  their  structure  more  interest¬ 
ing  to  the  general  reader  than  it  other¬ 
wise  would  be. 

The  root  is  the  part  which  attracts 
the  liquid  food  of  plants  from  the  soil 
in  which  it  is  mingled,  and  impels  it  up¬ 
wards  into  the  woody  part  of  the  stem. 
Once  introduced  into  the  system  of  a 
plant,  this  food  becomes  altered  from 
what  it  originally  was,  and  is  called  sap. 

Sap  rises  through  the  woody  part  of 
the  stem,  dissolving  what  soluble  mat¬ 
ter  it  meets  in  its  passage,  and  at  last 
is  impelled  into  the  leaves.  Having 
arrived  in  those  organs,  it  loses  water 
by  evaporation ;  peculiar  chemical 
changes  are  produced  in  it  by  exposure 
to  solar  light;  and  at  last,  having  been 
converted  into  the  secretions  peculiar 
to  the  species  in  which  it  is  formed,  it 
is  returned  from  the  leaves  back  into 
the  stem,  down  which  it  descends, 
through  the  cortical  layer  or  bark, 
passing  off  laterally  into  the  centre  of 
the  woody  matter  in  its  downward 
course.  In  the  bark  and  the  centre  of 
the  stem  a  considerable  proportion  of 
the  peculiar  secretions  from  the  sap  is 
finally  stored  up,  and  eventually  all 
those  substances  which  it  is  necessary 
that  the  plant  should  get  rid  of  are 
passed  off  into  the  earth  again  by  the 
roots.  Thus  an  ascending  current  of 
crude  sap,  a  descending  flow  of  ela¬ 
borated  sap,  and  a  lateral  deposit  of 
the  latter  in  the  stem,  are  going  on  dur¬ 
ing  all  the  time  that  a  plant  is  in  a 
growing  state ;  and,  in  consequence 
of  special  routes  being  assigned  to  each 
of  these  currents,  they  act  without  in 
the  slightest  degree  interfering  with 
each  other.  By  what  particular  vessels 
and  by  what  microscopic  apparatus 
this  vegetable  laboratory  is  kept  in 
action,  will  be  fully  explained  hereafter. 

In  the  flowers  the  calyx  and  the 
petals  may  be  supposed  to  act  to  a 
certain  extent  as  leaves,  to  furnish  food 
for  the  stamens  and  the  pistil,  which  are 
enclosed  within  them.  The  stamens  and 
pistil  continue  to  increase  with  equal 
steps  up  to  a  certain  period,  which 
is  the  maturity  of  the  former,  and  the 
commencement  of  a  new  growth  in 
the  latter.  At  this  time  the  upper 
part  of  the  stamen  bursts  and  dis¬ 
charges  a  fine  powder,  the  motes  from 
which  fall  upon  the  tip  of  the  pistil, 
which,  at  that  particular  time,  be¬ 
comes  viscid,  for  the  purpose  of  caus¬ 


ing  the  motes  to  adhere  to  it.  Here 
the  motes,  which  in  reality  are  hollow 
globes,  filled  with  fertilizing  matter, 
absorb  the  circumambient  moisture, 
distend,  and  at  last  discharge  upon  the 
humid  point  of  the  pistil  that  matter 
whose  mysterious  influence  is  to  cause 
the  pistil  to  fructify.  This  accom¬ 
plished,  the  stamens  wither  and  die ; 
but  the  pistil,  to  which  a  new  life  has 
been  thus  imparted,  goes  on  growing 
and  swelling;  the  ovules  distend,  and 
occupy  all  the  cavity  of  the  pistil ;  in 
their  inside  a  little  being  is  born,  which 
feeds  upon  the  liquid  albumen,  and  at 
last  assumes  the  form  of  a  microscopic 
plant.  When  this  takes  place,  the 
parts  of  the  pistil  lose  their  green 
colour,  and  assume  the  livery  of  death ; 
the  integuments  of  the  ovule  harden, 
seeds  are  formed,  and  in  order  to  enable 
them  to  escape  from  the  prison  in 
which  they  are  locked  up  within  their 
parent  fruit,  the  sides  of  the  latter  give 
way,  either  by  rending,  or  splitting,  or 
decaying,  and  allow  the  seed  to  fall 
upon  the  earth.  There  it  lies  till  the 
hour  for  its  further  progress  is  at  hand, 
when  the  moisture  in  the  soil  becomes 
warmed  by  the  rays  of  the  sun ;  a 
stimulus  is  thus  communicated  to  the 
embryo  plant,  which  swells,  lengthens, 
pushes  forth  a  tiny  root  through  an 
opening  in  its  shell,  and  at  last  dis¬ 
engaging  itself  altogether  from  its 
hard  integuments,  unfolds  its  little 
leaves,  rears  its  stem  into  the  air, 
pushes  its  roots  down  into  the  soil, 
and  thus  establishes  itself  as  a  new 
individual,  with  power  to  bear  all  the 
organs,  to  undergo  all  the  vicissitudes, 
and  to  accomplish  the  same  destiny  as 
the  parent  from  which  it  sprang. 

This  may  be  considered  a  correct 
view  of  the  course  of  many  a  vegetable 
life ;  no  doubt,  there  are  many  modifi¬ 
cations  of  all  these  phenomena,  and 
even  some  exceptions  to  them,  but 
with  these  we  are  not  to  occupy  our¬ 
selves  in  the  present  place. 

Chapter  II. 

Of  the  degree  in  which  perfect  external 
Structure  is  departed  from. 

Although  all  the  parts  just  named 
concur  in  the  formation  of  a  plant  of 
the  most  perfect  kind,  there  is  not  one 
of  them  that,  in  one  species  or  ano¬ 
ther,  is  not  either  altogether  wanting, 
or  so  altered  in  its  nature  as  scarcely 
to  be  recognised.  The  root  itself,  by 
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which  the  food  is  conveyed  into  the 
body,  is  scarcely  present  in  such 
marine  plants  as  seaweeds,  and  even 
in  the  dodder  (Cuscuta)  which  grows 
upon  heaths,  and  the  mistletoe,  which 
fastens  itself  as  a  parasite  upon  other 
species,  it  is  so  rudimentary  as  to  be 
scarcely  capable^  of  action. 

The  stem  in  numerous  species  is  so 
short  as  to  be  almost  invisible.  Leaves 
are  frequently  mere  scales  which  drop 
off  almost  as  soon  as  they  are  formed, 
leaving  the  plant  to  shift  for  itself  by 
the  aid  of  other  means,  as  is  the  case 
in  cactuses,  stapelias,  and  the  like. 
Both  leaf  and  stem  are  so  blended  into 
one  body  in  the  duckweed  (Leinna)  that 
it  is  difficult  to  say  whether  the  part 
that  really  exists  is  the  one  or  the 
other.  Stipules  are  as  often  wanting  as 
present.  Bracts,  in  like  manner,  are 
frequently  missing.  Of  the  floral  enve¬ 
lopes,  sometimes  the  corolla  is  absent, 
as  in  the  mezereon ;  and  sometimes 
both  calyx  and  corolla,  as  in  the  willow. 

Even  the  stamens  and  pistils  them¬ 
selves  disappear  in  a  large  number  of 
plants.  It  is,  however,  to  be  remarked 
that  this  latter  circumstance  is  always 
attended  with  a  corresponding  imper¬ 
fection  in  the  whole  of  the  other  organs, 
and  is,  therefore,  before  all  other  things, 
considered  an  indication  of  a  greater 
degree  of  general  imperfection.  Ferns, 
for  instance,  in  which  this  occurs,  have 
neither  calyx  nor  corolla,  nor  is  their 
stem  like  "that  of  other  plants ;  in 
mosses,  moreover,  the  leaves  are  mere 
scales ;  in  lichens,  the  whole  plant  con¬ 
sists  of  but  aflat,  plate  composed  of  leaf 
and  stem  combined,  with  nothing  for 
their  seeds  but  excessively  minute  tran¬ 
sparent  bladders;  and,  finally,  some 
confervae  and  fungi  are  destitute  at  once 
of  every  one  of  the  usual  organs,  con¬ 
sisting  of  nothing  but  a  cell  or  two  of 
exceedingly  small  size,  in  which  the 
essence  of  root,  stem,  leaf,  flower,  and 
fruit,  without  the  form,  is  supposed  to 
be  comprehended. 

From  these  causes  the  diversity  of 
appearance  in  the  vegetable  kingdom 
is  very  great.  But  an  examination  of 
all  the  organs  in  detail  will  show  that 
every  species  is  in  that  state  which  is 
best  adapted  to  the  purpose  for  which 
it  is  destined  :  and  that  plants,  from  the 
extremely  simple  plan  upon  which 
even  those  which  are  apparently  most 
complicated  are  organized,  offer  pecu¬ 
liar  facilities  for  the  transfer  of  the 
functions  of  one  organ  to  another. 


Chapter  III. 

Of  the  Skin  of  a  Plant,  and  the  Parts 
connected  therewith.  Stomat.es,  Hairs, 
Glands,  Slings,  Scurf,  Prickles. 

Over  every  part  of  a  plant  exposed  to 
the  air,  except  the  stigma,  is  extended 
a  skin,  which  serves  at  once  to  hold 
together  and  protect  the  parts  beneath 
it.  To  the  eye,  even  when  assisted  by 
powerful  microscopes,  it  usually  ap¬ 
pears  to  be  a  thin  transparent  mem¬ 
brane,  traversed  by  veins  arranged 
with  regularity  in  a  netted  manner. 
The  meshes  formed  by  the  supposed 
veins  are  sometimes  long  hexagons 
(fig.  2,  a) ;  sometimes  nearly  regular 

Fig.  2. 


ones  (2,  d),  resembling  very  much  the 
panes  of  glass  in  some  Gothic  window  ; 
or  they  are  some  other  figure  more  or 
less  approaching  the  hexagon.  More 
uncommonly  they  have  an  exceedingly 
wavy,  curled  outline,  as  in  the  common 
polypody  (Polypodium  vulgare)  (2,  c) ; 
and  occasionally  they  are  bounded  by 
undulated  parallel  lines,  as  in  the  white 
lily  (Lilium  candidum)  (2,6).  In  some 
instances  the  skin  can  be  peeled  off 
readily ;  in  others,  it  adheres  so  firmly 
to  the  substance  beneath  it,  that  it 
cannot  be  separated. 

But  if  it  is  examined  with  greater 
care  and  better  glasses,  it  will  be  found 
to  be  by  no  means  a  simple  membrane 
as  it  appeared  at  first  sight.  By 
making  extremely  thin  slices  of  any 
part  of  a  leaf  for  instance,  perpendicu¬ 
lar  to  its  surface,  and  placing  them  in 
water  under  a  powerful  microscope,  vve 
find  that  this  apparent  membrane  is 
in  reality  an  excessively  thin  plate. 
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formed  by  the  growing  together  of  a 
vast  multitude  of  little  bladders  or 
cells,  squeezed  flat,  filled  with  air,  and 
joined  by  their  edges,  which  ai-e  what 
give  the  appearance  of  veins  to  the 
skin  when  it  is  peeled  off. 

The  thickness,  the  form,  and  the 
number  of  layers  of  these  little  bladders 
are  variable  in  different  species  ;  being 
apparently  diversified  according  to  the 
different  circumstances  under  which 
species  are  exposed  to  the  action  of  the 
atmosphere.  Thus,  in  the  white  lily, 
the  German  iris,  and  the  common 
bean,  and  perhaps  the  greater  part  of 
European  plants,  the  bladders  are  in  a 
single  layer,  and  very  thin-sided  (3,  a) ; 
in  some  succulent  plants  they  are  in 
three  rows,  one  of  which  sometimes 
has  the  sides  of  the  outer  layer  of  cells 
partially  separated  from  each  other, 
as  has  been  remarked  by  Adolphe 
Brongniart  in  Rochea  falcata  (3,  b), 
when  the  surface  of  the  plant  acquires 
a  warty  appearance ;  in  the  oleander 
there  are  three  or  four  layers  of  thick¬ 
sided  cells  (3,  c). 


Fig.  3. 


The  object  of  these  differences  in  the 
structure  of  the  skin  will  be  explained 
when  the  nature  of  the  functions  of 
that  part  comes  to  be  considered.  For 
the  present  it  is  sufficient  to  state 
that  they  are  principally  intended  to 
adapt  a  plant  to  the  nature  of  the 
medium  in  which  the  leaves  are 
developed.  It  is  a  general  rule  that 
leaves  growing  in  the  air  have  a  skin, 
and  that  those  growing  constantly  in 
water  have  none ;  and  it  being  neces¬ 
sary  that  evaporation  should  be  regu¬ 
lated  in  the  former  case,  while  in  the 
latter  no  evaporation  can  take  place, 
it  is  inferred  that  this  duty  devolves 
upon  the  cuticle,  which  in  fact  is  ad¬ 
mirably  adapted  to  the  purpose.  In 
plants  growing  in  the  shade,  or  in 
damp  situations,  the  cuticle  is  thin  and 


soft,  and  readily  permeable  to  water  in 
a  gaseous  state,  but  in  leaves  exposed 
to  much  heat  and  dryness  it  becomes 
proportionally  thick  and  hard ;  in 
succulent  plants  in  which  evaporation 
is  hindered,  in  order  that  their  dropsical 
condition  may  be  insured,  more  layers 
than  one  of  cuticle  are  often  present ; 
and  finally,  in  the  oleander,  which  has 
to  bear  the  parched  atmosphere  of  a 
Barbary  summer,  there  is  a  triple  cost¬ 
ing  of  hard  thick  cuticle. 

It  appears  probable,  from  the  ob¬ 
servations  of  Henslow  and  Adolphe 
Brongniart,  that  over  the  true  skin 
is  drawn  an  excessively  thin  pellicle 
which  exhibits  no  appearance  of  orga¬ 
nization,  and  which  is  perfectly  homo¬ 
geneous  and  continuous,  except  over 
the  openings  of  the  stomates.  It  is 
supposed  that  this  pellicle,  the  use  of 
which  is  unknown,  may  be  what  re¬ 
pels  the  water  from  the  surface  of 
some  leaves,  and  causes  it  to  sepa¬ 
rate  into  drops.  It  is  difficult  to  detect 
it  in  the  fresh  leaf,  in  consequence  not 
only  of  its  being  firmly  glued  to  the 
subjacent  cuticle,  but  also  because  of 
its  thinness  and  transparency.  It  may 
be,  however,  easily  detected,  by  ma¬ 
cerating  a  leaf  for  adayortwoin  water, 
slightly  impregnated  with  nitric  acid, 
when  it  may  be  easily  peeled  off ;  for, 
notwithstanding  its  thinness,  it  is  often 
remarkably  tough. 

Among  the  meshes  of  the  skin  may 
be  remarked  a  number  of  oval  spaces, 
much  smaller  than  the  meshes  them¬ 
selves,  and  placed  upon  the  lines  that 
indicate  the  juncture  of  the  little 
bladders.  These  oval  spaces  {fig.  2) 
are  the  stomates  above  referred  to  of 
plants,  and  have  a  highly-curious  struc¬ 
ture.  They  are  openings  through  the 
skin  into  the  ir.side  of  a  plant,  and 
serve  to  establish  a  communication  be¬ 
tween  the  atmosphere  and  a  compli¬ 
cated  pneumatic  apparatus  which  lies 
beneath  the  skin.  They  are  constructed 
of  two  little  oblong  bladders,  placed 
parallel  with  each  other,  and  having  a 
power  of  contraction  or  expansion,  as 
circumstances  may  require :  when  at 
rest  they  are  perfectly  parallel,  and, 
by  pressing  their  sides  together,  close 
up  the  opening  ;  when  in  action  they 
curve  away  from  each  other  in  the 
middle,  and  thus  leave  the  passage 
open. 

The  stomates  sometimes  seem  bound¬ 
ed  by  a  transparent  limb,  which  is  the 
portion  of  the  pellicle  between  the  fclad- 
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ders  of  the  stomate  and  the  contiguous 
bladders  of  the  skin.  When  open  they 
also  appear  as  if  two  other  little  blad¬ 
ders  interposed  between  the  principal 
bladders  and  the  opening;  this  is,  how¬ 
ever,  a  mere  optical  deception,  caused 
by  the  thickness  of  the  edge  of  the 
opening  through  the  pellicle.  The 
structure  of  these  curious  organs  will 
be  best  understood  from  the  follow¬ 
ing  highly  magnified  figures.  Fig.  4* 
represents  a  section  of  the  skin  of  a 
plant  perpendicular  to  the  surface  ; 
a  is  the  opening  through  the  pellicle  ; 
b  is  the  pellicle  itself ;  c,  c,  are  the 
bladders  of  the  skin ;  d,  d,  are  the 
two  parallel  bladders  of  the  stomate. 
Fig.  4**  represents  the  same  parts  seen 
from  under  the  skin.  Fig.  4***  shows 
the  pellicle  after  the  bladders  of  the 
skin  and  those  of  the  stomate  have 
been  removed ;  the  opening  through 
the  pellicle  (a)  being  thus  distinctly 
exposed  to  view. 


Fig.  4. 


It  would  be  beside  the  object  of  this 
treatise  to  enter  into  an  explanation 
of  the  many  varieties  of  the  stomate, 
especially  as  they  are  all  formed  upon 
a  plan  similar  to  that  described  ;  dif¬ 
fering  principally  in  the  form  of  the 
constituent  bladders ;  in  their  number, 
which  is  sometimes  four,  forming  a 
square,  or  even  five  ;  and  in  their  dia¬ 
meter,  which,  in  the  shortest  direction, 
varies  from  the  ^  to  the  ^  of  an 
inch.  But  the  structure  of  these  parts 
in  Marc-hantia  has  been  ascertained 
by  Mirbel  to  be  so  peculiar  that  it 
cannot  be  passed  by  in  silence.  In 
this  imperfect  plant  there  is  no  ex¬ 
ternal  pellicle,  a  slit  in  which  forms 
the  opening  in  the  stomate  ;  nor  is  the 
latter  formed  of  a  couple  of  bladders 


different  in  form  and  position  from 
those  of  the  skin.  On  the  contrary, 
the  stomate  is  a  mere  disunion  and 
alteration  in  the  adjustment  of  the 
bladders  of  the  skin,  with  an  addition 
to  the  under  surface  of  four  or  five 
bladders  which  contract  or  expand, 
and  thus  enable  the  plant  to  respire. 
There  is,  however,  very  often  an  ad¬ 
dition  to  the  rim  of  the  stomate  of  se¬ 
veral  tiers  of  bladders  which  rise  per¬ 
pendicularly  from  the  surface.  Fig.  5 
represents  some  views  of  this  kind  of 

Fig.  5. 


b 


structure:  a  is  a  stomate  seen  from 
above  the  skin,  with  the  four  bladders 
that  form  the  contracting  organ,  which 
Mirbel  calls  “the  obturating  ring b 
shows  a  section  of  a  stomate  of  several 
tiers,  and  c  of  a  simple  one,  the  con¬ 
tracting  bladders  being,  in  both  cases, 
the  lowest ;  in  b  they  are  shown  closed 
up,  in  c  separated  and  open. 

The  name  breathing  pore,  which  is 
often  applied  to  the  stomates,  suffi¬ 
ciently  explains  that  these  are  con¬ 
sidered  organs  of  respiration ;  and 
there  is  every  reason  to  believe  that 
they  are  really  of  that  nature.  It  will 
be  seen  hereafter  that  the  life  of  plants 
is  chiefly  maintained  by  the  introduc¬ 
tion  of  carbonic  acid  into  the  leaves, 
and  the  expulsion  of  oxygen,  which 
results  from  the  decomposition  of  the 
carbonic  acid.  From  the  situation, 
form,  and  other  circumstances  con  ¬ 
nected  with  stomata,  it  seems  certain 
that  this  important  function  is  prin¬ 
cipally  performed  through  their  agency. 

From  the  surface  of  the  skin  often 
arise  little  processes,  which,  in  fact 
are  mere  expansions  of  it,  to  which  we 
give  the  name  of  lymphatic  hairs,  or, 
more  commonly,  hairs  only,  from  their 
resemblance  in  appearance  to  the  down 
or  hair  of  animals.  These  minute 
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parts,  which  are  so  very  fine  and  trans¬ 
parent  that  their  structure  can  be 
ascertained  only  by  the  aid  of  a  micro¬ 
scope,  are  usually  short  needle-like 
bodies  lying  nearly  parallel  with  the 
surface  of  a  plant  ( fig.  6,  a).  But 
occasionally  they  assume  some  remark- 


Fig.  6. 


ably  different  appearances.  Thus  on 
the  under  side  of  the  leaves  of  a  little 
floating  plant  called  salvinia  they  are 
jointed  cylinders  ending  abruptly  in  a 
minute  bristle  (b)  ;  in  spiderwort  (Tra- 
descantia)  they  have  exactly  the  ap¬ 
pearance  of  the  antennae  of  some  coleop¬ 
terous  insects  (c) ;  in  the  marvel  of 
Peru  (Mirabilis)  they  are  composed  of 
short  cylindrical  joints,  separated  by 
irregular  contractions  (d).  Salvinia, 
on  the  upper  side  of  its  leaves,  has 
them  consisting  of  a  few  oval  joints, 
all  of  equal  size,  and  arising  from  a 
little  projection  of  the  surface  (e)  ;  in 
hawkweed  (Hieracium  cymosum)  they 
are  covered  with  short  teeth  (  /) ;  in 
other  plants  with  a  number  of  fine 
bristles  ;  in  Xanthium  spinosum  they 
have  the  appearance  of  a  bamboo  in 
miniature,  with  the  joints  contracted 
in  the  middle  (g) ;  some  Boragineous 
plants  have  them  armed  with  barbs 
like  the  head  of  an  Indian  arrow,  so 
that  they  cannot  be  withdrawn  from 
such  bodies  as  they  may  pierce  (h) ;  in 
a  kind  of  lavatera  (L.  micans)  they  con¬ 
sist  of  a  short  stalk  with  a  tuft  of  finer 
hairs  springing  from  the  top  of  it  like 
the  rays  of  a  polype  (i) ;  and,  finally, 
in  malpighia  and  the  Indigo  plant, 
they  are  fixed  by  the  middle,  pointing 
in  two  opposite  directions  (A). 

Glandular  hairs,  or  glands,  as  they 
are  more  commonly  designated,  are 
formed  upon  the  same  plan  as  true 


hairs,  and,  like  them,  are  generally  too 
small  to  be  examined  with  the  naked 
eye  ;  but  they  have  a  power  of  secret¬ 
ing 'various  substances,  such  as  resins, 
odoriferous  essences,  or  other  matter 
which  the  plants  require  to  throw  off  ; 
and  to  enable  them  to  perform  this 
office,  they  are  provided  with  a  little 
bag  at  their  point,  in  which  the  secre¬ 
tion  is  collected  before  beingdischarged. 
Parts  of  this  kind  are  found  on  plants, 
such  as  the  sweetbriar  rose,  where 
they  appear  to  the  naked  eye  as  rusty 
dots;  in  the  chick  pea  (Cicer  arie- 
tinum)  they  consist  of  a  slender  trans¬ 
parent  stalk,  terminated  by  a  head  full 
of  little  chambers  (Jig.  7,  a) ;  on  the 
shell  of  the  grey  walnut  (Juglans 
cinei  ea),  they  are  terminated  by  cups, 
in  which  the  secreting  matter  is  col¬ 
lected  before  it  is  shed  (b)  ;  in  some 
crotons  they  spring  up  in  clusters,  and 
gradually  thicken  to  the  point ;  when 
very  highly  magnified,  they  appear  like 
thick  stiff  bodies  havingthe  form  of  an 
inverted  pestle  (d). 


Fig.  7. 


Slings,  the  office  of  which  would 
seem  to  be  to  keep  off  aggression  by 
the  pain  they  inflict  when  inserted  into 
the  skin  of  animals,  are  stiff,  needle¬ 
like  hairs,  which  arise  from  a  thick 
swollen  base  full  of  chambers,  in  which 
the  poison  they  secrete  is  collected  and 
stored  up.  Some  of  the  most  charac¬ 
teristic  forms  are  what  occur  in  borage, 
w  here  they  consist  of  a  bristle  resem¬ 
bling  the  straight  blade  of  a  poniard 
(Jig.  7,e);  in  the  nettle,  composed  of 
one  straight  rigid  hair  bent  at  a  very 
obtuse  angle  from  the  top  of  an  ob- 
conical  poison  chamber  (/) ;  and  in 
the  gourd,  where  the  sting  is  jointed, 
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less  rigid,  and  gradually  passes  into  a 
conical  chambered  base  (g). 

Scurf  (or  scales,  technically  lepides, 
whence  the  adjective  lepidote ,  for  a 
scurfy  surface)  is  found  on  the  leaves 
of  the  pine  apple,  the  sea  buckthorn 
(Hippophiie  rhamnoides),  and  many 
other  plants.  It  appears  to  the  naked 
eye  as  a  mealy  substance  of  a  whitish 
or  brownish  colour;  but,  in  reality,  it 
consists  of  minute  scales  adhering  by 
their  middle,  and  formed  by  the  grow¬ 
ing  together  of  a  number  of  hairs  which 
happen  to  spring  from  one  common 
point.  Fig.  7,  c  and  h,  show  the  ap¬ 
pearance  of  the  scurf  of  the  wild  oleaster 
(Elaeagnus  angustifolia),  when  seen 
under  a  microscope. 

Prickles  (aculei)  are  nothing  but 
hairs  of  a  larger  growth  ;  they  are  hard, 
horny,  sharp-pointed,  conical,  and 
often  hooked  excrescences,  which  rise 
from  the  surface  of  the  stem,  f'om 
which  they  may  be  easily  broken  off. 
When  young,  they  are  small,  soft,  and 
green ;  as  the  surface  of  a  stem  dis¬ 
tends  in  consequence  of  the  expansion 
of  its  inside,  the  base  of  the  prickles 
enlarges,  and,  at  the  same  time,  they 
harden,  till  at  last  they  become  the 
large  stiff  bodies  to  which  the  name  is 
applied  ;  on  the  branches  of  the  rose 
this  their  progress  may  be  easily  fol¬ 
lowed.  When  they  are  full  grown, 
they  can  no  longer  adjust  themselves 
to  the  distending  surface  on  which 
they  are  planted,  and  are  consequently 
thrown  off:  this  is  the  reason  why  it 
is  the  young  branches  of  plants  only 
that  are  prickly,  the  old  stems  being 
almost  always  unarmed. 

Chapter  IV. 

Of  the  Trunk  or  Caude.r ;  difference 
between  Root  and  Stem. 

The  central  part,  or  axis,  of  a  plant, 
to  which  the  leaves  and  flowers  are 
attached,  is  technically  called  the 
caudex,  to  which  the  English  word 
trunk  seems  equivalent,  notwithstand¬ 
ing  its  being  generally  applied  to  the 
thick  bole  of  a  tree. 

It  consists  of  two  portions ;  the 
ascending  trunk,  or  stem,  and  the  de¬ 
scending  ti-unk,  or  root.  Between 
these  there  is  no  absolute  separation, 
each  being  an  extension  of  the  other 
in  an  opposite  direction;  the  ascend¬ 
ing  trunk,  or  stem,  having  from  its 
earliest  existence  an  invincible  ten¬ 
dency  to  grow  upwards  into  the  air 


and  light,  the  descending  trunk,  or 
root,  an  equally  irresistible  determina¬ 
tion  to  the  earth  away  from  light.  (See 
Physiology.) 

The  one  being  thus  an  extension  ol 
the  other,  there  is  no  definite  organic 
separation  between  them  ;  but  their 
structure  melts,  as  it  were,  completely 
together.  Nevertheless,  the  imaginary 
line  formed  by  the  divergence  of  these 
two  parts  has  the  name  of  collar  or 
neck,  and  has  been  erroneously  sup¬ 
posed  to  be  the  seat  of  vitality.  It  has 
been  asserted,  that  if  a  tree  be  cut 
through  its  collar,  it  will  never  again 
grow.  This  opinion  has  arisen  from 
the  well-known  fact,  that  if  certain 
plants,  such  as  the  beech,  or  the  pine, 
or  the  oak,  are  sawed  through  at  the 
level  of  the  ground,  they  will  not  shoot 
from  the  stump.  This  is,  however, 
owing,  not  to  their  collar  having  been 
cut  through,  but  to  another  cause  :  for 
by  far  the  greater  number  of  woody 
plants  will,  when  cut  down,  throw  up 
new  shoots,  whether  their  collar  is  cut 
through  or  not ;  as,  for  example,  the 
plum,  the  poplar,  and  the  rose.  It 
arises  from  a  specific  power,  which 
varies  in  different  species,  of  forming 
adventitious  buds,  from  which  alone 
new  shoots  can  proceed. 

The  great  differences  between  root 
and  stem  consist  in  their  organic  cha¬ 
racters,  rather  than  in  their  physiolo¬ 
gical  peculiarities ;  for  many  stems 
burrow  under  ground,  and  many  roots 
are  emitted,  and  can  only  live,  in  light 
and  air,  the  one  performing,  ap¬ 
parently,  the  office  of  the  other.  The 
common  distinction,  therefore,  of  a 
root  being  the  under  ground,  and  a  stem 
the  above  ground,  part  of  a  plant,  is 
not  sufficiently  exact  for  science. 

The  real  distinctions  between  them 
are  the  following  : — A  stem  is  divided 
into  a  number  of  projections  called 
nodes,  equidistant,  or  which  are  either 
at  regularly  diminishing  or  increasing 
distances.  To  each  node  there  is 
usually  either  a  leaf,  or  a  scale,  which 
is  an  imperfectly-formed  leaf,  and  at 
least  one  bud  capable  of  growing  into 
a  branch,  which  will  be  covered  in 
like  manner  with  other  nodes  and  buds, 
themselves  capable  of  again  shooting 
into  branches.  Consequently,  as  the 
ramifications  of  a  stem  can  proceed 
only  from  the  nodes  thus  symmetrically 
arranged,  the  branches  must,  of  neces¬ 
sity,  grow  symmetrically  also ;  and 
hence  the  pleasing  appearance  of  the 
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head  of  a  tree,  even  when  stripped  of 
leaves.  Roots,  on  the  contrary,  have 
neither  leaves,  nodes,  nor  buds,  nor 
anything  which  can  be  considered 
analogous  to  them.  They  have  no 
provision  made  for  a  regular  ramifica¬ 
tion,  which  indeed  could  not  exist  in  a 
perpetually  and  unequally  resisting 
medium  like  the  earth,  but  they  divide 
and  subdivide  as  occasion  requires, 
without  the  least  disposition  to  assume 
a  symmetrical  form. 

As  branches  are  produced  by  buds 
alone,  and  as  roots  have  no  buds,  it  is 
obvious  that  if  a  tree  is  cut  down  to 
the  collar,  so  that  nothing  remains  but 
root,  it  can  never  branch  again :  and 
hence  the  opinion  that  the  collar  is  the 
seat  of  life.  But  though  roots  have  no 
buds  under  ordinary  circumstances, 
yet  they,  and  all  other  woody  parts, 
have  occasionally  the  power  of  forming 
what  are  called  adventitious  buds, 
under  special  circumstances.  These 
adventitious  buds  sprout  irregularly 
from  various  parts  of  the  surface  ;  and 
thus  in  certain  species  of  plants  renew 
the  growth  which  had  been  temporarily 
arrested  by  the  destruction  of  the  stem. 
No  one  can  tell  why  particular  species 
have  this  power,  and  others  not ;  but 
the  fact  is  certain.  The  roots  of  the 
silver  fir  (Abies  Picea),  for  instance, 
will  live  on  the  mountains  of  Switzer¬ 
land  for  half  a  century  after  the  stem 
is  destroyed  ( Dutrochet ),  but  will  never 
sprout  again ;  while,  on  the  other 
hand,  the  root  of  the  willow  will  form 
adventitious  buds,  and  grow  nearly  as 
readily  as  the  stem  itself. 

In  their  internal  structure  roots  and 


stems  are  nearly  alike,  except  that 
the  former  are  rarely  hollow,  although 
many  stems  are  ;  and  that  in  the  plants 
called  Exogens,  which  have  a  pith  in 
the  centre  of  their  stem,  the  root  has 
no  pith. 

Chapter  Y. 

Of  True  Roots  and  their  Modifications ; 

of  Stems  improperly  called  Roots. 

Perhaps  the  most  simple  manner  of 
understanding  the  structure  of  a  root, 
limited  as  has  been  just  explained,  is 
to  consider  every  form  of  that  part  a 
modification  of  a  simple  fibre. 

A  simple  fibre  consists  of  a  cylinder, 
soft  externally,  and  woody  internally, 
ending  in  a  blunt  and  succulent  point 
C fig.  8,  a),  through  which  the  fluid 
matter  of  the  soil  is  sucked  into  the 
circulation.  The  aerial  roots  of  such 
plants  as  ivy,  dodder,  and  epiphytal 
orchideae,  are  simple  fibres  altered  ac¬ 
cording  to  the  particular  circumstances 
under  which  they  are  produced,  and 
the  modified  functions  they  have  to 
perform.  In  the  dodder,  for  instance, 
they  have  to  act  as  suckers  as  well  as 
roots ;  and,  accordingly,  they  are  dilated 
at  the  end  to  enable  them  to  perform 
that  additional  office.  Suppose  such 
fibres  to  increase  in  diameter  princi¬ 
pally  by  addition  to  their  woody  centre, 
and  at  the  same  time  to  lengthen  and 
divide  into  a  number  of  branches,  each 
of  which  is  like  the  primitive  simple 
fibre,  we  shall  then  have  a  fibrous  root 
of  the  commonest  kind,  such  as  that 
of  all  trees  and  shrubs,  and  of  most 
herbaceous  plants  (Jig.  8,  b).  Let  it 


Fig.  8. 


increase  much  more  in  diameter  than  from  the  sides  of  a  common  centre,  and 
in  length,  and  consist  of  no  other  rami-  such  roots  as  those  of  the  carrot,  the 
fieations  than  a  few  fibres  protruded  radish,  and  the  turnip,  will  be  the  re- 
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suit  {Jig.  8,  c  and  d),  the  special  figures 
of  which  will  depend  upon  the  degree  in 
which  the  preponderance  of  growth  is 
longitudinal,  or  transverse.  It  some¬ 
times  happens  that  some  of  the  roots 
retain  their  fibrous  state,  while  others, 
then  called  tubercles  or  fangs,  become 
extremely  fleshy  and  enlarged,  as  in 
fig  wort  (Ranunculus  ficaria),  in  which 
the  tubercles  are  thicker  and  blunter 
at  the  lower  than  the  upper  end ;  the 
roots  of  the  dahlia  and  the  orchis 
{Jig.  8,  e)  are  of  a  similar  kind  ;  or  one 
portion  of  the  root  will  be  fibrous  and 
the  other  tubercular,  as  in  dropwort 
(Spiraea  filipendula),  {Jig.  8,/).  It  is 
thought  that  such  tubercles  are  in¬ 
tended  by  nature  to  contain  a  supply 
of  food  upon  which  the  plant  may  exist 
when  deprived  of  its  usual  nutriment 
from  the  earth  or  the  atmosphere  ; 
there  does  not,  however,  appear  to  be 
sufficient  evidence  of  the  justice  of  this 
opinion.  Sometimes  a  succulent  root 
will  ramify  without  increasing  percep¬ 
tibly  in  diameter,  and  consequently  its 
ramifications  will  be  all  succulent  and  of 
equal  thickness  ;  such  a  root  is  that  of 
the  coral  root  (Corallorhiza),  {fig.  8 ,g). 

Whether  or  not  the  functions  of  all 
these  sorts  of  roots  are  exactly  the 
same  is  not  known :  their  general 
office  is,  no  doubt,  firstly,  to  steady  a 
plant  in  the  soil  in  which  it  grows,  so 
as  to  prevent  its  being  blown  about  by 
wind  ;  and,  secondly,  to  suck  from  the 
earth  the  fluid  matters  which  form 
vegetable  food.  The  latter  function 
may  seem  the  more  necessary  of  the 
two,  but  in  reality  the  one  is  as  im¬ 
portant  as  the  other ;  they  always  ac¬ 
company  each  other,  and  when  one  is 
not  provided  for,  the  other  appears 
unnecessary  also.  Thus,  in  sea-weeds, 
which  are  the  only  plants  in  which 
roots  really  seem  to  be  unimportant, 
for  they  often  grow  while  floating  freely 
in  the  ocean,  there  can  be  no  doubt 
that  absorption  of  food  takes  place  over 
all  their  surface ;  and  it  is  always  to 
be  remembered  that  even  plants  like 
these  are,  at  an  early  period  of  life, 
attached  by  a  root,  which  may  be  sup¬ 
posed  to  perform  at  that,  time  its  ordi¬ 
nary  double  function.  When  roots  are 
produced  ip  the  air,  as  in  ivy,  the  vine 
in  a  hot  damp  stove,  epiphytal  orchidese, 
and  the  like,  it  often  happens  that 
they  have  only  the  absorbing  function 
to  perform  ;  but  in  such  cases  the 
business  of  fixing  the  plants  steadily  in 
their  places  is  performed  by  other  roots, 


which  are  emitted  under  or  upon  the 
surface  of  the  ground. 

In  common  language  all  kinds  of 
underground  stems  are  called  roots ;  but 
it  is  necessary,  both  for  the  sake  of  ex¬ 
actness  of  language,  and  for  practical 
purposes,  to  distinguish  carefully  be¬ 
tween  them;  for  while  an  underground 
stem  is  one  of  the  means  destined  by 
nature  for  the  multiplication  of  plants,  a 
root  will  not  act  in  that  manner,  except 
under  certain  special  and  very  unusual 
circumstances.  Neither  do  such  stems 
ever  appear  to  perform  the  office  of 
roots  ;  they  seem  to  be  chiefly  intended 
to  store  up  food  for  the  use  of  animals. 
They  are  easily  known  from  roots  if  the 
distinctions  lately  mentioned  are  at¬ 
tended  to.  The  principal  forms  are  the 
rootstock,  the  c'ormus,  the  tuber,  and 
the  bulb. 

The  rootstock  (rhizoma  in  Latin)  is 
a  creeping  or  underground  stem,  which 
either  has  scales  in  the  room  of  leaves, 
or  is  marked  by  the  scars  or  remains  of 
leaves  that  have  either  fallen  off  or 
withered.  Of  this  nature  are  orris  root 
and  ginger ;  the  former  of  which  is  the 
rootstock  of  a  kind  of  iris  {Jig.  9,  /;), 
and  the  latter  of  the  ginger  plant.  In 
the  common  polypody  {Jig.  9,  a)  it  is  a 
hairy  body  from  which  the  leaves  arise; 
and  in  the  hare’s  foot  fern  (Tricho- 
manes  canariensis)  it  curves  at  its  ex¬ 
tremity  like  the  paw  of  the  animal  after 
which  it  is  named.  What  is  com¬ 
monly  called  a  creeping  root  (soboles) 
{Jig.  9,  c)  differs  from  the  rootstock  in 
nothing  whatever  except  being  more 
slender,  and  always  subterranean,  while 
the  rootstock  often  lies  prostrate  on  the 
surface  of  the  ground.  It  has  scales, 
which  are  the  rudiments  of  leaves,  at 
equal  distances,  and  emits  true  roots 
from  the  nodes,  where,  also,  are  buds 
which  are  extremely  active  and  ready 
to  form  new  plants  the  instant  they  are 
placed  in  circumstances  favourable  to 
their  development.  Hence  it  is  that 
couch  grass,  which  has  this  sort  of  un¬ 
derground  stem,  if  cut  into  pieces,  forms 
a  very  vegetable  hydra  ;  for  every  joint 
is  capable  of  growing  into  a  new  plant ; 
and,  consequently,  by  tearing  an  old 
plant  to  pieces  a  great  number  of  new 
individuals  is  added  to  the  soil,  instead 
of  one  being  destroyed.  If  it  were  a  root, 
tearing  it  in  pieces  would  probably  de¬ 
stroy  it.  To  this  is  also  to  be  referred 
the  scaly  root  of  the  old  botanists  {Jig. 
9,  d),  which  is  remarkable  in  Lathraea 
squamaria.  It  differs  from  the  last  in 
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nothing  except  that  the  scales  with  being  membranous,  and  that  the  buds 
which  it  is  covered  are  fleshy  instead  of  at  the  nodes  are  much  less  active. 


Fig.  9. 


The  cnrmus,  for  which  we  have  no 
equivalent  English  word,  is  an  ex¬ 
tremely  short  subterranean  stem,  co¬ 
vered  with  several  layers  of  dry  withered 
scales,  and  usually  having  a  roundish 
figure  ( fig.  9,  e).  It  increases  by  the 
growth  of  the  buds  that  exist  at  the 
axils  of  the  scales,  which,  during  their 
growth,  feed  upon  the  mother  cormus, 
exhausting  it  of  its  soluble  substance, 
and  at  last  becoming  eormi  themselves 
W'hen  full  grown.  The  root,  as  they 
say,  of  the  crocus,  the  tulip,  and  the 
ixia,  is  a  cormus. 

The  tuber,  again,  is  a  short,  fleshy, 
underground  stem,  produced  at  the  end 
of  slender  subterranean  branches.  Its 
surface  is  marked  with  scars,  or  covered 
with  scales,  from  within  which  buds 
appear  by  which  the  species  is  to  be 
multiplied.  In  the  potato  the  under¬ 
ground  branches  are  at  first  as  slender 
as  the  roots  among  which  they  burrow  ; 
and  are  only  to  be  known  from  them 
by  their  having  scales  upon  their  sur¬ 
face.  But  in  time  such  a  branch  ceases 
to  lengthen ;  its  end  then  becomes 
swollen  by  the  matter  impelled  into  it, 
from  the  main  stem  not  being  able  to 
proceed  any  further  ;  it  gradually  in¬ 
creases  in  diameter,  becomes  more  and 
more  succulent,  till,  at  last,  a  perfect 
tuber  is  formed,  and  the  part  of  the 
branch  not  distended,  decaying,  sepa¬ 
rates  from  the  parent  plant  as  an  inde¬ 
pendent  individual.  Fig.  10  shows 
the  manner  in  which  this  takes  place, 
and  the  appearance  of  the  tubers  at 
the  different  periods  of  their  growth. 
When  fully  formed,  a  tuber  is  a  fleshy 


body,  on  the  surface  of  which  are 
numerous  depressions,  each  containing 
what  a  gardener  calls  an  eye,  which  is 
in  reality  a  bud,  that,  under  favour¬ 
able  circumstances,  will  become  a  new 
plant.  Hence  such  eyes  or  buds,  along 


Fig.  10. 


with  a  portion  of  the  tuber,  forming  to¬ 
gether  the  set,  are  employed  for  the 
multiplication  of  a  species,  as  in  the 
potato.  It  generally  happens  that 
such  eyes,  like  the  buds  on  the  branches 
of  trees,  do  not  develop  the  same  year 
as  they  are  formed,  but  pass  the  first 
season  of  their  existence  in  gaining 
strength  for  their  growth  in  the  suc¬ 
ceeding  season.  But  if  any  circum¬ 
stance  should  call  them  into  action  in 
the  same  season  in  which  they  are  first 
created,  a  tuber  will  branch,  and  then 
assume  an  appearance  very  unlike  its 
common  state.  This  often  happens  to 
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the  potato  in  long  dry  summers,  when 
what  are  called  clustered  potatoes  are 
generally  produced.  Such  productions 
are  excellent  illustrations  of  the  plan 
upon  which  tubers  finally  grow,  and 
of  the  analogy  that  exists  between 
them  and  branches,  proving  that  what 
may  appear  to  the  superficial  observer 
the  obscure  speculations  of  closet- 
philosophers,  are  in  reality  exact  ex¬ 
positions  of  the  plan  of  the  creation. 

The  bulb  (Jig.  9,  /)  is  a  roundish 
body,  consisting  of  scales  packed  close¬ 
ly  one  over  the  other,  and  emitting  roots 
from  its  base,  as  in  the  onion.  It  is, 
in  reality,  an  extremely  short  stem, 
covered  vvith  rudimentary  leaves  in  the 
form  of  scales,  and  it  differs  in  nothing 
from  a  bud,  except  that  it  either  sepa¬ 
rates  spontaneously  from  the  part  that 
bears  it,  as  in  the  tiger  lily,  or  it  is  a 
perfect  plant  in  itself,  as  in  the  onion. 
Most  commonly  it  lives  underground ; 
but  in  some  lilies,  alliums,  and  other 
plants,  it  is  produced  among  the 
branches,  leaves,  or  flowers.  The  tree 
onion  is  a  plant  in  which  bulbs  are 
produced  in  the  place  of,  and  instead 
of,  flowers ;  a  singular  circumstance 
which  will  be  explained  in  another 
place.  (See  Chapter  XXY.) 

Chapter  VI. 

Of  the  Stem,  and  its  external  modifi¬ 
cations  :  Spines ;  Tendrils. 

Although  the  stem  is,  even  more  than 
the  root,  subject  to  modifications  of 
form,  yet  its  names  are  far  less  nume¬ 
rous.  In  its  commonest  state  it  rises 
erect  from  the  earth,  dividing  into  many 
branches:  in  herbs  succulent  and 
perishable ;  in  shrubs  and  trees  woody, 
and  clothed  with  a  thick  and  rugged 
bark.  But  from  this  state,  which  may 
be  considered  normal,  it  departs  in  a 
great  variety  of  ways.  In  palms  and 
similar  trees  of  tropical  countries  it 
forms  a  cylinder,  bearing  a  tuft  of  leaves 
at  its  point.  In  other  plants  it  is  little 
more  than  a  delicate  thread  lying  pro¬ 
strate  on  the  earth,  as  in  the  runner  of 
the  strawberry.  In  some  species  it 
takes  a  twining  direction,  following  the 
sun  in  his  course  ;  and  when  of  a  woody 
structure,  enfolding  the  largest  trees 
with  its  gigantic  coils.  In  the  Museum 
at  Paris  there  is  a  specimen  of  a  palm- 
tree  so  surrounded  by  a  monstrous 
twiner,  the  coils  of  which  have  grown 
to  each  other,  as  to  be  enclosed  in  a 
kind  of  vegetable  sheath.  Occasionally 


in  the  forests  of  tropical  countries  the 
stems  of  woody  plants  at  first  rise 
straight  into  the  air;  but  not  becoming 
sufficiently  solid  to  support  their  growl¬ 
ing  weight,  they  gradually  fall  prostraf  e 
among  the  trees  that  surround  them, 
and  obstruct  the  traveller  like  cables 
drawn  across  his  path.  In  most  plants 
the  stem  is  solid :  in  grasses  and  um¬ 
belliferous  plants  it  is  hollow  ;  in  a  few 
species  its  bark  is  expanded  longitudi¬ 
nally  into  green  and  leafy  wings.  These 
are  the  commonest  forms  we  meet  with 
in  the  stems  of  plants.  Others  there 
are  which  are  yet  more  remarkable. 
In  a  kind  of  cabbage,  called  Kohlrabi, 
the  stem  shortens  and  distends  till  it 
acquires  a  globular  form  like  that  of  a 
turnip.  In  the  tortoise  plant  of  the 
Cape  of  Good  Hope,  it  is  a  roundish 
knob  of  considerable  size,  the  bark  of 
which  is  rent  into  deep  fissures,  sepa¬ 
rating  spaces  having  the  appearance 
of  the  scales  on  the  back  of  a  tortoise. 
Many  tropical  orchideous  plants  have 
a  short  conical  stem  named  a  pseudo- 
bulb,  terminated  by  one  or  two  leaves, 
and  arising  from  a  prostrate  rootstock. 
In  Stapelias  (fig.  1 1,  a),  and  some  other 
South  African  plants,  the  stem  becomes 
gouty,  distorted,  and  succulent,  bearing 
soft  projections  instead  of  leaves  ;  and, 
finally,  in  the  Cactus  tribe  it  is  some¬ 
times  fiat  and  divided  into  a  number 
of  leafy  limbs  (fig.  11,  c),  or  globular 
and  deeply  furrowed  with  sharp  pro¬ 
jecting  ribs  (b),  or  angular  and  erect, 
often  rising  into  the  air  like  a  vege¬ 
table  column. 


Fig.  11. 


Such  are  the  most  remarkable  ot 
the  forms  which  occur  among  stems 
properly  so  called.  Branches,  in  woody 
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plants,  sometimes  suddenly  lose  the 
power  of  lengthening,  harden  and 
sharpen  at  their  points,  and  thus  form 
spines,  as  in  the  sloe  and  hawthorn  ; 
or  they  lose  their  woody  character, 
produce  none  but  starved  and  scale¬ 
like  leaves,  becoming  weak  and  curl¬ 
ing  up  at  their  points,  so  as  to  form 
the  tendrils  by  which  some  plants, 
such  as  the  vine,  contrive  to  climb 
among  their  neighbours.  In  the  duck¬ 
weed,  and  all  the  Lichen  tribe,  the 
stem  is  a  flat  horizontal  expansion, 
destitute  of  woodiness,  and  apparently 
amalgamated  with  the  leaves. 

Chapter  VII. 

Of  the  Stem,  and  its  internal  modi¬ 
fications  Exogens,  Endogens, 
Acrogens. 

In  their  internal  structure  stems  are 
apparently  constructed  upon  several 
different  plans:  in  the  bamboo  they 
are  hollow  with  transverse  partitions  ; 
in  the  cane  they  are  solid,  and  of  an 
uniform  density;  in  the  oak  they  are 
hardest  in  the  centre ;  in  the  cocoa- 
nut  they  are  softest  in  the  centre ;  in 
many  climbers  they  have  an  uniform 
density,  and  appear  pierced  with  mul¬ 
titudes  of  cylindrical  channels  parallel 
with  the  bark.  In  ferns  the  wood  has 
a  singularly  twisted  appearance  ;  and, 
finally,  in  many  herbaceous  plants, 
it  seems  to  consist  of  a  mass  of  suc¬ 
culent  substance,  with  a  few  fibres 
mixed  among  it.  But  it  has  been 
ascertained  that  all  these  variations 
are  to  be  reduced  to  three  primary 
forms,  viz. :  Exogens,  or  those  which 
have  their  woody  system  separated  from 
the  cellular  and  arranged  in  concentric 
zones ;  Endogens,  in  which  the  woody 
and  cellular  systems  are  mixed  together 
into  a  confused  mass ;  and  Acrogens, 
which  consist  of  a  cylinder  growing  at 
its  point  only,  and  never  augmenting  in 
thickness  after  it  once  is  formed.  We 
must  examine  each  of  these  separately. 

A  stem  which  is  formed  upon  the 
Exogenous  plan,  when  cut  through 
transversely,  exhibits  a  central  pith, 
surrounded  by  one  or  more  circles  of 
wood,  on  the  outside  of  which  is  a  ring 
of  bark,  which  is  connected  with  the 
pith  by  a  number  of  lines  passing 
through  the  wood  called  medullary 
processes.  A  branch  of  hazel,  beech, 
or  oak  represents  this  structure  very 
distinctly. 

In  plants  whose  stems  exist  only  for 


a  single  year,  there  is  but  one  circle  of 
wood ;  and  if  such  stems  are  very  suc¬ 
culent,  it  may  even  be  difficult,  to  as¬ 
certain  the  presence  of  wood  at  all. 

Fig.  12. 


But  it  will  always  be  found,  upon  close 
inspection,  that  some  trace  of  woody 
matter  exists  arranged  in  a  definite 
manner  between  the  pith  and  the  bark, 
separated  perhaps  by  medullary  rays, 
which  are  much  thicker  than  the  con¬ 
tiguous  plates  of  wood,  and  which  on 
that  account  tend  to  conceal  the  real 
structure.  Such  is  the  case  in  the 
stems  and  roots  of  many  common 
herbaceous  plants,  and  of  cacti  and 
similar  succulent  plants.  Passing  by, 
therefore,  cases  of  this  kind,  the  analogy 
of  which  with  the  exogenous  struc¬ 
ture  a  little  consideration  will  serve  to 
make  apparent,  let  us  examine  in 
detail  the  exact  structure  of  the  vari¬ 
ous  parts  that  make  an  exogenous 
stem. 

The  pith  {fig.  13,  a)  is  a  spongy 
column  which  extends  from  the  collar, 
where  it  usually  ceases,  to  the  extre¬ 
mities  of  the  branches.  When  young 
it  is  succulent ;  when  old  it  becomes 
dry.  Usually  it  is  solid;  but  in  um¬ 
belliferous  plants  it  is  soon  torn  to 
pieces  by  the  rapid  distention  of  the 
woody  cylinder  that  surrounds  it,  and 
its  place  is  occupied  by  an  empty  tube, 
to  the  sides  of  which  it  adheres  in  frag¬ 
ments.  In  the  walnut  it  is  divided 
into  a  number  of  narrow  chambers, 
placed  over  each  other  with  great  regu¬ 
larity.  It  is  united  with  the  medullary 
rays  or  plates,  or  processes,  as  they  are 
more  correctly  called,  by  an  infinite 
multitude  of  points  arising  from  over 
all  its  surface.  When  young  it  is  green 
and  succulent,  and  at  that  time  only  is 
to  be  considered  a  living  organ ;  its 
office,  at  that  time,  is  to  supply  proper 
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food  to  the  young  buds  which  are  in 
communication  with  it,  until  those 
parts,  by  their  subsequent  growth,  be¬ 
come  capable  of  obtaining  it  from  other 
sources.  After  this  business  has  been 
fulfilled,  it  dries  up,  and  dies. 

The  medullary  processes  ( fig .  13,  b), 
which  thus  arise  from  the  pith,  of 
which  in  fact  they  are  mere  extensions, 
pass  straight  into  the  bark,  cutting 
the  intervening  wood  into  a  number  of 
wedges,  the  broad  end  of  which  is  next 
the  outside  of  the  stem.  They  are 
composed  of  the  same  spongy  sub¬ 
stance  as  the  pith,  squeezed  in  between 
the  wedges  of  wood,  and  consequently 
very  much  compressed.  In  trees,  the 
medullary  plates  are  usually  extremely 
thin  ;  in  succulent  plants,  or  annual 
stems,  they  are  more  frequently  of  con¬ 
siderable  thickness. 


Fig.  13. 


It  must  not  be  supposed,  that  be¬ 
cause  the  medullary  processes  are 
spoken  of  as  plates  connecting  the  pith 
with  the  bark  they  are  therefore  of 
very  considerable  depth,  or  that  they 
really  divide  the  wood  into  distinct 
wedges.  These  terms  are  merely  used 
to  express  the  appearance  of  the  parts 
in  a  transverse  section  of  a  piece  of 
exogenous  wood ;  in  reality,  the  me¬ 
dullary  plates  are  in  general  thin,  and 
by  no  means  deep  processes,  piercing 
the  mass  of  wood  as  is  seen  at  fig.  14, 
which  represents  a  portion  of  a  cylinder 
of  wood  stripped  of  bark,  with  the 
mouths  of  the  medullary  processes  seen 
on  the  outside  of  the  wood  at  a,  a. 

The  office  of  these  processes  is  very 
important.  They  are  the  great  means 
of  communication  between  the  circum¬ 
ference  and  the  centre  of  a  stem,  and 
are  what  enable  the  fluid  matter,  which 
passes  down  the  bark,  to  reach  the 
wood  which  is  next  the  pith.  To  qualify 
them  for  performing  this  office  the  bet¬ 


ter,  their  component  parts  are  placed 
with  their  longer  diameter  perpendicu- 

Fig.  14. 


lar  to  the  bark ;  a  position  which  is 
the  most  favourable  which  vegetable 
t  issue  could  assume  under  such  circum¬ 
stances,  to  perform  a  function  in  which 
capillary  attraction  is  the  great  mov¬ 
ing  power.  When  examined  under  a 
microscope,  the  component  parts  of  the 
medullary  processes  resemble  bricks 
placed  across  the  fibres  of  the  wood, 
and  the  processes  themselves  maybe 
not  unaptly  compared  to  low  walls 
stretching  from  the  bark  to  the  pith. 
This  will  be  more  particularly  explained 
in  the  chapter  on  the  elementary  organs. 

The  bark  ( fig .  13,  d)  consists  of  two 
distinct  parts  ;  namely,  of  an  external 
layer  of  a  spongy  substance  which  is 
usually  green,  and  of  an  interior  layer 
of  fibrous  matter  which  touches  the 
wood,  and  at  one  time  appears  to  be 
organically  combined  with  the  wedges 
of  the  latter.  Of  these  layers,  the  ex¬ 
ternal  is  called  the  cortical  integument, 
and  the  interior  the  liber.  Every  year 
an  addition  of  new  liber  is  made,  in 
the  form  of  a  concentric  zone,  within 
that  of  the  preceding  year ;  and  con¬ 
sequently  the  bark  would  be  marked 
with  as  many  concentric  circles  of 
liber  as  it  is  years  old  ;  but  as  the  wood 
that  forms  beneath  the  bark  is  per¬ 
petually  straining  the  latter  trans¬ 
versely,  and  so  disturbing  the  relative 
position  of  its  component  parts,  it 
happens  that,  in  point  of  fact,  the  bark 
soon  loses  all  trace  of  the  concentric 
annual  zones  of  liber,  and  becomes  a 
confused  mass  of  fibrous  and  spongy 
matter  mixed  together,  its  lining  beirg 
the  only  part  in  which  the  liber  re¬ 
mains  undisturbed.  The  cortical  in¬ 
tegument,  which  has  been  justly  called 
by  Dutrochet  an  external  pith,  is  some¬ 
times  soft,  and  extremely  thick,  as  in 
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the  cork-tree,  where  it  furnishes  that 
material  which  proves  so  useful  to  the 
wine-merchant.  In  trees,  however,  it 
is  more  frequently  hard  and  gritty,  rent 
into  deep  fissures  by  the  expansion  of 
the  wood,  and  mouldering  under  the 
corroding  action  of  the  atmosphere. 
When  young  it  is  always  filled  with 
fluid,  and  becomes  dry  only  from  old 
age.  It  usually  has  some  fibrous  mat¬ 
ter  mixed  among  its  substance.  The 
liber  itself,  although  described  as  a 
cylinder  of  fibrous  matter  lining  the 
cortical  integument  and  overlaying  the 
wood,  is,  like  the  wood  itself,  pierced 
in  every  direction  by  the  medullary 
processes  ;  so  that  in  a  section  it  seems 
to  be  cut  into  a  number  of  wedges  cor¬ 
responding  with  the  wedges  of  wood 
(fig.  13).  Although  it  appears,  when 
young,  to  be  organically  connected 
with  the  wood,  yet  it  always  separates 
freely  when  an  attempt  is  made  to  tear 
it  off,  and,  when  full  grown,  the  separa¬ 
tion  is  made  spontaneously.  In  some 
plants  it  is  remarkable  for  its  suscepti¬ 
bility  of  being  stripped  into  a  very  con¬ 
siderable  number  of  thin  layers,  which, 
in  consequence  of  their  fibrous  struc¬ 
ture,  are  tough  enough  to  be  employed 
for  useful  purposes.  The  liber  of  trees, 
before  the  invention  of  paper  or  parch¬ 
ment,  was  stripped  into  layers, flaltened 
and  cemented  into  leaves,  upon  which 
hooks  were  written,  whence  its  name. 
In  the  present  day,  the  liber  of  the 
lime  tree  is  an  important  object  with 
the  Russians,  who  manufacture  from 
it  the  coarse  mats  which  bear  then- 
name  ;  but  the  most  curious  instance 
is  in  the  lace  bark  of  Jamaica,  in  which 
the  layers  of  liber  are  very  numerous, 
quite  white,  extremely  fine,  and  when 
stretched  out,  open  into  a  kind  of  deli¬ 
cate  net-work  resembling  lace.  It 
must  not,  however,  be  supposed  that 
nothing  is  liber  except  that  young 
fibrous  lining  of  the  bark  which  we 
find  in  stripping  the  latter  from  a  tree : 
on  the  contrary,  it  may  happen  that 
bark  consists  of  liber  on  the  outside  as 
well  as  inside ;  because  as  bark  is 
constantly  wearing  away  externally, 
and  the  interior  parts  are  perpetually 
pushed  outwards,  a  time  must  come 
when  the  first-formed  liber  will  reach 
the  surface  :  and  during  the  remainder 
of  the  life  of  such  a  plant  the  bark  of 
its  trunk  must  consist  of  liber  at  the 
very  surface ;  such  liber  is,  however, 
dead,  like  all  the  parts  in  contact  with 
it.  That  the  part  of  the  bark  which 


originally  was  infernal  does  in  time 
arrive  at  Ihe  outside  of  a  stem  is  easily 
proved  by  inserting  a  wire  into  the  bark 
of  an  exogen  through  the  young  and 
innermost  liber;  in  a  few  years  the  wire 
will  reach  the  outside,  and  be  thrown 
off. 

It  is  through  the  bark  exclusively 
that  the  returning  fluid  of  a  plant  de¬ 
scends  to  the  root ;  and  it  is  in  this 
part  that  many  secretions  are  chiefly 
stored  up  :  for  it  is  a  remarkable  fact, 
that  in  plants  secreting  substances  of 
different  physical  properties,  while  one 
kind  is  freely  conveyed  to  the  central 
wood  from  the  bark  through  the  me¬ 
dullary  processes,  another  part  seems 
scarcely  capable  of  following  such  a 
direction.  Gum,  for  example,  which 
so  abounds  in  the  bark  of  a  cherry  or 
a  plum-tree,  reaches  the  central  wood 
in  very  small  quantity,  while  a  con¬ 
siderable  supply  of  astringent  mat¬ 
ter  passes  off  from  fhe  bark  to  the 
wood.  To  what  cause  this  is  owing 
has  not  been  ascertained.  It  is  not 
improbable  that  the  gum  may  pass 
down  through  the  woody  vessels  of 
the  bark,  which  are  not  in  direct  com¬ 
munication  with  the  medullary  pro¬ 
cesses,  and  that  the  astringent  matter 
may  exclusively  pass  down  by  the 
parenchymatous  portion  of  the  bark, 
of  which  the  medullary  processes  are  a 
part. 

The  nature  of  the  wood  will  be  best 
understood  by  examining  the  structure 
of  a  single  zone,  and  considering  all 
the  other  zones  subsequently  formed 
to  he  merely  repetitions  of  it.  Next 
the  pith  is  placed  what  is  called  the 
medullary  sheath  (fig.  13,  c),  which  is 
a  stratum  of  air-vessels  forming  a  sort 
of  casing  to  the  pith,  but  interrupted 
perpetually  by  the  medullary  processes 
which  pass  through  it.  On  the  outside 
of  the  medullary  sheath  is  a  mixture  of 
large  vessels  and  fibrous  matter,  the 
former  predominating;  and  on  the 
outside  of  all,  finishing  the  concentric 
zone,  is  a  deep  mass  of  fibrous  matter, 
with  a  number  of  small  vessels  inter¬ 
mixed  :  in  all  the  other  zones  exactly 
the  same  structure  is  repeated  as  long 
as  the  plant  continues  to  grow  ;  so  that 
the  trunk  of  the  largest  exogenous  tree 
is  a  mere  repetition  of  woody  or  corti¬ 
cal  zones,  the  youngest  of  the  latter 
being  formed  withinside  the  older, 
and  the  youngest  of  the  former  outside 
the  older.  Occasionally  a  small  quan¬ 
tity  of  the  cellular  substance  of  the 
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medullary  processes  is  interposed  be¬ 
tween  the  zones,  as  in  Urtica  gigas  ; 
but  more  frequently  they  touch  each 
other  without  any  such  intervention. 
In  some  plants,  scarcely  any  vessels  are 
to  be  distinguished  among  the  fibrous 
matter  of  the  wood,  or  there  is  but 
little  apparent  distinction  between  the 
different  zones  ;  but,  in  the  main,  the 
structure  just  described  is  that  of  exo¬ 
gens  in  general. 

Perhaps  it  would  be  more  correct  to 
say  that  the  woody  matter  is  plunged 
into  a  mass  of  spongy  or  cellular  sub¬ 
stance,  and  arranges  itself  methodi¬ 
cally  in  zones,  than  to  use  the  lan¬ 
guage  that  has  been  hitherto  employed ; 
but  this  is  merely  a  speculative  point. 

The  anomalies  which  are  met  with 
in  plants  having  this  structure,  how¬ 
ever  different  from  the  normal  state 
they  may  at  first  appear,  are  all  easily 
to  be  reconciled  with  what  we  have 
described  as  the  type  of  exogenous 
formation.  Thus,  in  bauhinias  the 
zones  of  wood  are  excessively  irregu¬ 
lar  and  unequal;  in  the  water  vine  of 
India  the  medullary  processes  are  very 
deep  and  thick,  and  filled  with  vessels ; 
in  arborescent  birthworts,  there  is  but 
one  zone  of  wood,  whatever  the  age 
of  the  stem.  Finally,  in  calycanthus 
there  are  four  centres  of  growth 
having  each  its  own  concentric  zones 
lying  in  the  bark  at  equal  distances, 
and  on  the  outside  of  the  principal 
mass  of  wood.  For  these  and  other 
unusual  kinds  of  structure,  see  Lind- 
lei/s  Introduction  to  Botany,  & c. 

Like  the  roots,  wood  has  two  distinct 
offices  to  perform.  In  the  first  place, 
it  gives  plants  that  solidity  and  tough¬ 
ness  which  enables  them  to  stand  erect 
in  the  air,  without  being  destroyed  by 
winds,  or  crushed  by  their  own  weight ; 
a  position  which  it  is  indispensable 
that  the  greater  part  of  the  vegetable 
kingdom  should  occupy,  whether  for 
the  due  performance  of  their  own  vital 
actions,  or  for  rendering  the  earth 
habitable  by  man.  In  the  second 
place,  it  is  through  the  wood  ex¬ 
clusively  that  the  crude  sap  rises  from 
the  roots  towards  the  leaves,  for  the 
better  performing  of  which  it  has  a 
simple  and  yet  highly  elaborate  appa¬ 
ratus  of  tubes  and  vessels.  The  latter, 
which,  when  young,  serve  as  conduits 
for  fluid,  become,  when  old,  receptacles 
of  the  peculiar  secretions  of  trees.  In 
their  young  state  they  are  nearly 
colourless,  and  form  a  pale  mass,  which 


we  call  alburnum  or  sap-wood ;  when 
old  and  filled  with  secreted  matter, 
they  become  dark  brown,  or  green,  or 
even  nearly  black,  in  different  species, 
and  then  are  heart-wood  or  duramen. 
Being  in  this  state  clogged  up  by  the 
matter  that  is  lodged  in  them  by  the 
medullary  processes,  they  are  unfit  for 
the  conveyance  of  fluid,  which  accord¬ 
ingly  takes  place  principally  in  the 
new  tubes  and  vessels  which  remain 
open. 

Endogenous  stems  apparently  differ 
very  much  from  these,  for  they  have 
neither  pith,  nor  medullary  processes, 


Fig.  15. 


nor  bark,  nor  wood  properly  so  called ; 
but  they  consist  of  a  confused  mass  of 
bundles  of  woody  substance  lying  in  the 
midst  of  a  spongy  matter.  In  a  palm 
w’efind  an  external  cortical  integument 
without  liber;  the  bundles  of  woody 
matter  so  arranged  as  to  be  much 
more  numerous  and  compact  at  the 
circumference  than  towards  the  centre. 
In  the  cane,  which  is  another  kind  of 
palm,  the  woody  bundles  are  distri¬ 
buted  equally  throughout  the  whole 
substance.  In  the  asparagus,  the  aloe, 
and  other  soft-stemmed  species,  the 
woody  bundles  are  not  only  equally 
distributed,  but  are  so  soft  as  to  be 
scarcely  recognised  for  the  same  thing 
as  the  hard  fibres  of  a  palm  stem. 
Now,  if  we  compare  a  stem  of  this  sort 
with  that  of  an  exogen,  we  are,  at  first 
sight,  unable  to  discover  any  analogy 
between  them ;  but  upon  a  more  care¬ 
ful  inspection,  it  will  be  discovered  that 
the  principal  organic  difference  con¬ 
sists  in  the  woody  matter  of  exogens 
being  arranged  in  wedge-shaped  par¬ 
cels,  plunged  into  the  spongy  sub¬ 
stance  of  the  stem,  and  disposed  in 
annual  zones  ;  while  in  endogens  the 
woody  matter  is  neither  collected  into 
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wedge  shaped  parcels,  nor  arranged  in 
annual  concentric  zones,  but  is  broken 
up  into  fibrous  bundles  plunged  with¬ 
out  order  into  the  spongy  mass.  The 
correctness  of  this  view  of  their  ana¬ 
logy  will  be  better  shown,  if  the  anato¬ 
mical  structure  of  a  woody  bundle  of 
an  endogen  be  contrasted  with  that  of 
the  woody  wedge  of  an  exogen.  The 
woody  bundle  of  an  endogenous  plant, 
if  examined  under  a  microscope,  is 
found  to  be  concavo-convex,  with  its 
convexity  turned  towards  the  outside 
of'  the  stem.  The  convex  part  uni¬ 
formly  consists  of  compact  woody 
matter,  while  vessels  of  various  kinds 
traverse  the  concavity;  an  organiza¬ 
tion  which  is  precisely  that  of  an  exo¬ 
gen,  as  has  been  already  described. 
Such  is  the  usual  structure  of  the 
woody  bundles  of  an  exogenous  stem. 
Occasionally,  however,  in  stems  of 
small  diameter,  such  as  the  cane,  the 
woody  bundles  are  cylindrical  {Jig.  1G), 
with  the  vessels  in  the  interior,  and  a 
•asing  of  hard  woody  matter  all  round 


Fig.  16. 


them.  Another  and  a  more  remarkable 
deviation  from  the  general  structure  of 
endogens  is  met  with  in  grasses,  the 
stems  of  which  are  generally  hollow 
between  the  nodes  where  the  sides  are 
connected  by  transverse  partitions ; 
but  the  arrangement  of  matter  in  the 
solid  shell  being  entirely  that  of  palms, 
grasses  cannot  be  considered  to  offer 
an  exception  to  the  law  of  endogenous 
structure.  It  is  unnecessary  to  add 
that  where  stems  are  of  very  small  size, 
corresponding  modifications  in  the  ar¬ 
rangement  of  the  parts  are  to  be  ex¬ 
pected  ;  such,  for  instance,  as  the  re¬ 
duction  of  the  woody  matter  to  one 
single  woody  bundle,  surrounded  by  a 
thin  coating  of  cellular  substance. 

Arborescent  Endogens  being  exclu¬ 
sively  natives  of  hot  countries,  where 


Europeans  have  seldom  an  opportunity 
of  examining  minutely  into  matters 
which  require  the  long  and  patient 
investigation  of  resident  observers, 
nothing  certain  is  known  of  the  chan¬ 
nels  through  which  the  ascending  and 
descending  currents  pass  in  their  stems. 
From  analogy,  it  is  presumed  that  the 
sap  rises  by  the  woody  bundles,  and 
descends  through  the  soft  spongy  mat¬ 
ter,  but  this  is  entirely  conjectural. 

Acrogens  are  totally  different  in 
their  organization  from  both  the  last. 
In  ferns,  which  are  most  remarkable 
both  for  their  size  and  singularity  of 
structure,  the  stem  {Jig.  1 7)  is  a  cylin¬ 
der,  usually  hollow  ;  if  solid,  having  the 
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centre  filled  with  a  spongy  substance, 
destitute  of  bark,  with  neither  woody 
bundles  nor  woody  wedges  interspersed 
among  the  general  substance  of  the 
stem.  The  shell  of  this  cylinder, 
which  answers  to  the  woody  part  o 
other  plants,  is  composed  of  exces¬ 
sively  hard  plates,  folded  upon  them¬ 
selves  in  such  a  manner  that  a  section 
of  them  represents  a  number  of  sinuous 
lines  doubling  about  among  spongy 
matter.  These  never  increase  in  thick¬ 
ness,  number,  or  quantity,  after  being 
once  formed ;  but  they  seem  as  if  they 
were,  as  in  all  probability  they  are, 
mere  prolongations  of  the  woody  matter 
lying  inside  the  footstalks  of  the  leaves ; 
whereas  exogens  increase  by  addition 
to  the  outside  of  their  wood,  and  en¬ 
dogens,  by  addition,  to  the  inside  of 
their  stem,  whence  their  respective 
names  have  been  formed.  Acrogens 
seem  to  have  little  or  no  power  of 
increase  in  diameter,  but  simply  to 
lengthen  by  continual  extension  of 
their  points  ;  their  name  has  been  con¬ 
trived  from  this  circumstance. 
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To  these  principal  variations  of  the 
mode  of  growth  in  the  stems  of  plants 
should,  perhaps,  be  added  a  fourth 
form,  of  which  little  notice  has  hitherto 
been  taken  by  botanists.  This,  which 
might  be  called  the  centrifugal,  occurs 
in  fungi,  lichens,  and  the  lower  orders 
of  plants;  and  consists  of  a  fleshy  or 
spongy  mass,  or  of  filamentous  pro¬ 
cesses  radiating  from  a  common  centre. 

In  many  respects  this  is  the  same  as 
the  Acrogenous,  of  which,  indeed,  it 
may  be  considered  a  mere  variety  ;  for 
its  ramifications  do  not  increase  much  in 
thickness  after  they  once  are  formed  ; 
it  nevertheless  deserves  to  be  specially 
explained.  In  an  obscure  plant  called 
Marchantia,  Mirbel  found  that  a  little 
thin  green  plate  was  first  formed  by 
the  action  of  the  reproductive  grains 
or  seedlets;  and  that  it  was  from  the 
edges  of  this  plate,  when  once  fully 
formed,  that  all  the  succeeding  ex¬ 
pansions  took  place,  as  from  a  com¬ 
mon  centre,  but  always  upon  the  same 
plane  ;  so  that  in  such  plants  the  cen¬ 
tral  part  is  the  oldest,  and  the  circum¬ 
ference  the  youngest.  This  is  very  ap¬ 
parent  in  lichens.which,  when  very  large, 
are  always  dead  in  the  centre,  while 
they  continue  to  go  on  growing  from 
every  part  of  their  margin.  Fairy  rings 
are  an  exemplification  of  the  same 
thing  in  fungi ;  these  appearances  are 
external  indications  of  the  centrifugal 
growth  of  the  subterranean  stems  of 
certain  agarics,  which  originally  spring 
from  a  common  point,  continually 
spreading  outwards  upon  the  same 
plane,  the  central  or  first-formed  parts 
perishing  as  the  circumferential  or 
latest-formed  parts  develope. 

Chapter  VIII. 

Of  Leaf -buds. 

From  little  conical  projections  from  the 
stem,  which  are  at  first  of  an  uniform 
substance,  but  which  are  eventually 
covered  by  minute  scales  very  regu¬ 
larly  and  closely  arranged  one  over  the 
other,  the  branches  of  a  plant  are  pro¬ 
duced  ;  and  without  them,  no  other 
increase  in  bulk  can  take  place  besides 
an  expansion  in  all  directions  such  as 
characterizes  the  centrifugal  mode  of 
growth,  and  such  as  we  find  in  fungi. 
In  other  wrords,  they  may  be  said  to  be 
growing  points,  covered  with  rudimen¬ 
tary  leaves,  for  their  protection,  and 
to  consist  of  a  highly-excitable  mass 
of  parenchymatous  matter  originating 


in  the  pith,  and  possessing  a  special 
power  of  extension  in  length. 

Such  conical  projections  are  called 
leaf-buds.  They  are  normally  (that  is, 
under  common  circumstances)  formed 
exclusively  at  the  nodes  and  from  the 
axil  of  a  leaf.  Even  in  the  very  in¬ 
fancy  of  a  plant,  while  it  is  yet  in  em¬ 
bryo,  they  appear  at  the  axil  of  the 
seed-leaves  or  cotyledons,  when  they 
are  called  the  •plumule;  and  at  every 
successive  stage  of  growth  they  are 
ultimately  produced  as  the  leaves 
expand. 

Although  they  appear  to  be  mere 
projections  of  the  surface,  yet  in  real¬ 
ity  they  are  not  so ;  but  are  inti¬ 
mately  connected,  for  most  important 
reasons,  with  the  very  centre  of  the 
stem.  In  exogens  they  universally 
originate  either  from  the  termination 
of  the  pith,  or  at  the  outer  end  or 
mouth  of  one  of  the  medullary  pro¬ 
cesses,  of  which  they  are,  in  fact,  an 
external  prolongation,  and  by  which 
they  are,  consequently,  in  direct  com¬ 
munication  with  the  pith.  In  endo- 
gens,  their  origin  has  not  been  traced 
with  the  same  exactness;  but  there 
seems  no  reason  to  doubt  their  origi 
nating  in  the  pulpy  substance  which 
in  these  plants  corresponds  with  the 
medullary  system  of  exogens. 

Being  axillary  to  leaves,  they  are 
consequently  confined  to  the  nodes,  of 
which  they  are,  therefore,  an  indica¬ 
tion,  as  they  must  also  indirectly  be  of 
the  leaves  when  those  organs  have 
fallen  off.  Usually  they  grow  singly  ; 
but  in  some  plants,  as  in  the  peach- 
tree,  they  appear  in  greater  numbers. 

They  most  commonly  lengthen  out 
into  branches ;  but  sometimes  if  any¬ 
thing  tends  to  interrupt  or  stunt  their 
growth,  they  exchange  their  power  of 
lengthening  for  that  of  hardening  and 
sharpening  at  the  point,  and  thus  be¬ 
come  spines  or  thorns,  which  are  con¬ 
sequently  very  different  from  prickles. 
This  may  be  distinctly  ascertained  by 
examining  the  wild  orange,  or  which 
will  do  as  well,  the  common  hawthorn, 
in  which  the  branches  will  be  found  in 
all  their  different  stages  of  alteration 
into  spines. 

The  analogy  of  a  spine  of  this  kind 
with  other  parts  is  not  generally  ex¬ 
plained  in  elementary  works.  Yet, 
if  the  nature  of  a  bud  is  correctly 
understood,  such  a  structure  is  by  no 
means  difficult  of  explanation.  It  has 
already  been  stated  that  the  leaf-bud 
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is  a  growing  point  capable  of  longi¬ 
tudinal  extension.  Usually  it  produces 
leaves  as  it  lengthens,  and  if  those 
organs  are  green  and  at  regular  appre¬ 
ciable  distances,  it  forms  a  branch, 
but  if  they  are  coloured,  placed  close 
together,  and  differently  shaped  from 
leaves,  it  forms  a  flower;  it  is  only 
when  the  lengthened  point  is  abso¬ 
lutely  naked,  hard,  and  sharp,  as  in  the 
wild  orange,  that  it  is  a  spine.  There 
are  several  unsuspected  analogies  with 
this  :  one  of  which  is  the  spadix  of  an 
arum,  the  succulent,  blunt,  subcylin- 
drical,  naked  end  of  which  is  an  un¬ 
doubted  form  of  the  growing  point ;  • 
another  is  the  succulent  receptacle  of  a 
strawberry;  a  third  the  curious  cham¬ 
bered  disc  of  Nelumbium. 

When  leaf-buds  appear  from  any 
other  part  of  the  stem  than  the  node, 
they  are  considered  altogether  irregu¬ 
lar  in  their  position,  and  are  called  ad¬ 
ventitious.  Such,  for  instance,  are 
those  which  often  arise  from  the  roots. 
Botanists  are  unacquainted  with  the 
cause  of  parts  which  do  not  habitually 
produce  those  organs  occasionally 
giving  rise  to  them  ;  but  it  is  certain 
that  any  of  the  pulpy  or  parenchy¬ 
matous  parts  may,  under  particular 
circumstances,  produce  leaf-buds. 
Thus  they  are  of  constant  occurrence 
at  the  margin  of  the  leaves  in  the  plant 
called  bryophyllum ;  they  are  gene¬ 
rated  in  abundance  by  the  roots  of  the 
Cydonia  japonica,  and  many  others; 
and  they  have  even  been  seen  by  Mr. 
Turpin  sprouting  from  the  surface  of 
the  leaves  of  a  kind  of  Star  of  Bethle¬ 
hem— not  to  mention  other  instances. 

These  facts  explain  many  circum¬ 
stances  that  would  be  otherwise  unin¬ 
telligible  in  the  growth  of  plants,  such 
as  the  power  that  roots  possess  of  pro¬ 
pagating  an  individual,  and  the  ap¬ 
pearance  of  branches  from  places  where 
they  would  not  otherwise  be  expected, 
of  which  we  shall  treat  fully  under 
Physiology.  They  also  throw  great 
light,  upon  the  origin  of  seeds. 

It  is  sufficient  to  mention  in  this 
place,  that  the  office  of  leaf-buds  is  to 
propagate  individuals,  seeds  having  no 
power  to  do  more  than  increase  a 
species;  so  that  if  a  variety  of  any 
species  is  to  be  multiplied,  that  can 
only  be  done  by  aid  of  the  leaf-buds, 
as  is  exemplified  in  the  common  gar¬ 
dening  operations  of  budding  and  graft¬ 
ing,  and  striking  from  eyes.  They, 
and  the  leaves  together,  are  also  the 


origin  of  the  woody  part  of  all  plants, 
which  first  appears  when  the  seed- 
leaves  or  cotyledons,  and  the  seed-bud 
or  plumule,  begin  to  act,  and  which  is 
afterwards  augmented  in  proportion  to 
the  development  of  leaves  and  leaf- 
buds. 

After  the  leaf-buds  have  begun  to 
grow,  and  have  been  covered  with 
scales  for  their  protection,  they  form, 
beneath  the  scales,  a  number  of  rudi¬ 
mentary  leaves,  which  are  ready  to  un¬ 
fold  and  augment  in  size  with  rapidity 
as  soon  as  the  branch  is  called  into 
action.  Nothing  can  be  more  curious 
than  the  manner  in  which  these  little 
rudiments  of  leaves  are  packed  up 
within  the  bud,  so  as  to  occupy  the 
smallest  possible  quantity  of  room ; 
or  more  remarkable  than  the  exactness 
with  which  the  particular  mode  of 
folding  which  may  be  peculiar  to  a 
given  species,  is  observed  in  every  bud 
of  every  individual.  There  is  no  un¬ 
certainty  in  the  disposition  of  these 
minute  parts,  no  confusion  in  the  ar¬ 
rangement,  nor  anything  left  to  chance; 
but  every  plait  is  so  evidently  ordered 
by  some  great  and  unvarying  superin¬ 
tendent  Power,  that  the  manner  in 
which  the  young  leaves  are  folded  up 
has  been  adopted  for  purposes  of  sys¬ 
tematic  arrangement  under  the  name 
of  vernation,  or  gemmation,  or  prcefo- 
lialion. 

Fig.  18. 


A  chapter  might  be  written  upon  the 
many  different  ways  in  which  verna- 
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tion  takes  place ;  but  we  must  here 
confine  ourselves  to  an  indication  of 
the  most  remarkable,  trusting  to  the 
■figures  which  represent  the  plan  of 
transverse  sections  of  different  leaf- 
buds,  for  an  explanation  of  the  terms. 
The  principal  forms  of  vernation  are, 
1st,  the  oppressed  (fig.  18,  a),  as  in 
misletoe  ;  2nd,  conduplicate  (b),  as  in 
the  rose  ;  3d,  imbricate  (c),  as  in  the 
lilac  ;  4th,  equitant  (d),  as  in  the  iris  ; 
5th,  obvolute  (e),  as  in  the  sage  ;  6th, 
plaited  (f),  as  in  the  vine  ;  7th,  invo¬ 
lute  (g),  as  in  the  violet  ;  8th,  revo¬ 
lute  ( h ),  as  in  the  willow  ;  9th,  convo¬ 
lute,  or  supervolute  O'),  as  in  the  apri¬ 
cot  ;  and  10th,  circinate  (A),  as  in  sun¬ 
dew  (drosera). 

Chapter  IX. 

Of  Leaves,  their  position  and  external 
structure. 

The  stem  is  clothed  with  what  are  col¬ 
lectively  called  its  appendages,  or  ap¬ 
pendages  of  the  axis,  consisting  of 
leaves  and  their  modifications,  and  of 
flowers  with  their  parts.  The  former, 
taken  with  the  stem  itself,  are  called 
organs  of  vegetation  or  nutrition  ;  the 
latter  of  fructification  or  reproduction. 

Leaves  are  usually  those  expansions 
of  the  bark  into  which  slender  pro¬ 
cesses  of  the  wood  and  fibre  insinuate 
themselves,  and  within  which,  after 
shooting  beyond  the  surface  of  the 
stem,  they  expand  and  branch  in  every 
direction,  filling  the  whole  of  the  pulpy 
substance  with  a  network  of  tough 
and  stiff  fibres,  which  serve  to  sustain 
the  mass  of  the  leaf.  The  leaf  is  there¬ 
fore  in  intimate  connexion  with  both 
parts  of  the  bark  on  the  one  hand,  and 
with  the  wood  on  the  other,  consisting 
of  portions  of  the  systems  of  these 
two  important  parts  intimately  inter¬ 
mingled,  but  each  capable  of  acting 
singly  as  well  as  in  concert.  The  pulpy 
substance  which  expands  from  the 
surface  of  the  bark  and  forms  the  prin¬ 
cipal  part  of  the  leaf,  is  technically 
named  the  parenchyma,  and  the  fibres 
that  sustain  it  veins.  The  latter  are 
also  frequently  called  nerves  or  ner- 
vures  in  botanical  language,  although 
improperly,  for  they  are  merely  chan¬ 
nels  through  which  fluids  are  impelled, 
and  they  have  no  connexion,  as  far  as 
we  know,  with  any  action  resembling 
the  nervous  system  of  animals. 

Leaves  are  exceedingly  diversified  in 
form,  in  the  figure  of  their  outline,  in 


their  position  with  respect  to  each 
other,  in  their  texture,  and  especially 
in  their  degree  of  development ;  some 
leaves  being  nothing  more  than  mi¬ 
nute  scales,  into  which  the  fibrous  sys¬ 
tem  can  hardly  penetrate,  and  others 
being  of  a  size  which,  to  those  accus¬ 
tomed  only  to  contemplate  the  foliage 
of  European  plants,  must  appear 
almost  fabulous.  The  leaves  of  the 
bujoor  palm  of  India  (corypha  elata) 
often  measure  thirty  feet  in  circum¬ 
ference,  and  have  a  stalk  to  support 
them  twelve  feet  long ;  so  that  if 
placed  on  the  ground,  one  of  these 
enormous  leaves  would  be  four  times 
as  high  as  a  tall  man.  There  is  no 
machine  of  human  invention,  however 
extensive  and  complicated,  which  can 
for  a  moment  be  compared  with  such  a 
natural  apparatus  as  this  for  wonder¬ 
fully  elaborate  mechanism.  Its  digest¬ 
ing  cells  are  infinitely  more  numerous 
than  all  the  houses  of  London  and  its 
environs ;  and  all  the  streets,  alleys, 
and  passages  of  that  huge  metropolis 
shrink  into  insignificance  when  con¬ 
trasted  with  the  myriads  of  ramifica¬ 
tions  of  the  veins  of  such  a  leaf. 

Where  the  bark  first  projects  into  a 
leaf,  which  is  called  the  point  of  inser¬ 
tion,  the  leaf  is  usually  narrow,  and 
either  round  or  half  cylindrical,  and  it 
forms  a  stalk  to  the  thin  and  flat  part ; 
the  former  is  called  the  petiole,  and 
the  latter  the  lamina  or  blade.  If  a 
leaf  has  no  stalk,  it  is  said  to  be  sessile 
upon  the  stem.  The  stalk  of  a  leaf  is 
therefore  merely  the  channel  of  com¬ 
munication  between  the  leaf  and  the 
stem,  and  may  be  supposed  to  be  pro¬ 
duced  by  the  woody  matter  when  it 
first  quits  the  stem  to  form  a  leaf,  be¬ 
fore  it  begins  to  ramify;  and  it  in  fact 
consists  of  one  or  more  bundles  of 
woody  matter  surrounded  with  cortical 
integument.  In  many  plants,  such  as 
grasses  and  sedges,  it  is  thin,  and  orga¬ 
nized  exactly  like  the  blade  itself;  in 
some  plants  it  appears  to  exist  without 
any  blade,  and  consequently  to  be  of 
itself  capable  of  performing  all  the 
functions  of  a  leaf,  as  in  some  stre- 
litzias,  in  what  are  called  leafless 
acacias,  and  possibly  in  the  majority  of 
endogens.  Although,  therefore,  ap¬ 
parently  a  distinct  organ  in  many 
cases,  sometimes  being  even  jointed 
with  the  blade,  the  stalk  is  in  fact 
nothing  but  the  lower  portion  of  the 
leaf ;  and  hence  in  all  reasoning  con¬ 
cerning  identity  of  structure,  or  of 
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origin  of  parts,  the  stalk  and  blade  are 
to  be  considered  one  and  the  same 
organ,  and  need  not  be  specially  dis¬ 
tinguished.  The  importance  of  this 
axiom  will  appear  hereafter. 

If  the  branch  of  any  plant  be  taken 
foi  examination,  it  will  always  be  found 
that  the  leaves  are  arranged  in  some 
particular  order;  and  that  all  other 
branches  of  the  same  individual,  or  of 
the  same  species,  have  the  leaves 
arranged  in  the  same  order,  so  that 
the  largest  tree  is  merely  a  mass  of 
branches,  all  of  which  are  essentially 
the  same.  In  all  cases  they  arise  from 
a  node,  and  form  one  or  more  leaf-buds 
in  their  axil.  In  position,  with  relation 
to  one  another,  they  are  either  placed 
alternately  one  above  the  other  (fig- 
19,  a),  seemingly  on  opposite  sides  of 
the  stem,  or  they  arise  from  opposite 
sides  of  the  stem  at  the  same  level, 


Fig.  19. 


when  they  are  called  opposite  (b),  if 
growing  in  pairs,  or  whorled  or  verti- 
cillate  (c),  if  there  are  several  in  oppo¬ 
sition. 

It  is,  however,  especially  to  be  re¬ 
marked,  that  in  alternate  leaves,  one 
leaf  is  not  exactly  opposite  the  other 
at  a  higher  level  on  the  stem,  although 
it  seems  to  be  so,  but  it  is  placed 
a  little  to  the  right  or  left  of  what 
would  be  exactly  a  central  point,  and 
the  leaf  which  succeeds  is  in  like  man¬ 
ner  a  little  out  of  opposition,  and  so 
on ;  thus  several  leaves  may  be  pro¬ 
duced  before  another  shall  be  exactly 
opposite  to  that  from  which  the  ob¬ 
server  started.  This  will  be  clearer  if 
we  project  the.  places  of  the  leaves  upon 
a  circle.  Let  a  b,  in  the  circle  C,  be 
two  opposite  points :  b  we  will  suppose 
is  the  origin  of  a  leaf,  number  1 ;  the 
second  may  appear  at  2  ;  the  third  at 
3  ;  the  fourth  at  4  ;  and  it  would  not 
be  till  the  fifth  leaf  was  produced  that 
a,  the  point  opposite  to  b,  would  be 


exactly  touched.  Now,  as  the  wood 
of  a  branch  is  formed  by  the  action  of 

Fig.  20. 
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leaves,  as  will  be  hereafter  shown,  this 
is  a  beautiful  provision  of  nature  to 
insure  the  exact  symmetry  of  the 
branches  :  for,  although  if  the  branch 
represented  by  the  circle  C  consisted 
of  but  five  leaves,  as  placed  upon  the 
diagram,  more  wood  would  be  formed 
from  2  to  5,  and  from  1  to  4,  than  from 
1  to  3,  or  from  3  to  5,  or  from  2  to  4, 
yet  if  only  three  more  leaves  were 
developed,  those  three  would,  upon  the 
same  principle  of  arrangement,  be 
stationed  in  the  wider  spaces  at  *,  and 
thus  would  fill  up  the  veiy  parts  w'here 
they  would  be  required  to  form  wood 
to  complete  the  circularity  of  the 
branch.  This  law  is  adhered  to  in  a 
most  remarkable  manner  in  all  leaf¬ 
bearing  plants  ;  and  appears  to  be  in 
reality  owing  to  leaves  being  con¬ 
stantly  disposed  in  a  spiral  manner 
from  the  base  to  the  apex  of  a  branch. 
This  order  is  not,  indeed,  obvious  in 
branches,  when  the  leaves  are  very  far 
asunder,  although  even  in  such  cases 
it  may  be  detected  by  drawing  a  line 
from  the  base  of  the  lowest  leaf  to  that 
of  the  one  above  it,  and  so  proceeding 
until  the  bases  of  all  the  leaves  on 
the  branch  are  connected.  But  when 
leaves  are  small  and  arranged  very 
compactly,  as  on  the  branch  of  an 
araucaria  pine,  or  on  the  cone  of  any 
fir  or  pine,  the  spiral  disposition  is  at 
once  manifest ;  and  in  the  trees  called 
pandanus  by  botanists,  the  spiral 
arrangement  is  so  very  remarkable 
over  all  the  branches,  that  they  are 
hence  called  by  the  English  screw 
pines. 

It  is  not  in  alternate-leaved  plants 
alone  that  this  order  of  leafing  is  ob¬ 
served  ;  even  in  those  with  opposite 
and  verticillate  leaves  it  takes  place, 
only  in  a  somewhat  different  manner. 
In  opposite-leaved  plants  the  pairs 
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generally  decussate,  that  is,  cross  each 
other  at  right  angles  ;  so  that  the  cor¬ 
responding  leaves  of  each  alternate 
pair  are  placed  exactly  one  over  the 
other,  as  at  Jig.  21,  where  1,  1,  repre- 

Fig.  21. 


I 


sent  the  places  of  the  first  pair  of 
leaves  ;  2,  2,  those  of  the  second  pair, 
and  3,  3,  those  of  the  third  pair,  which 
corresponds  with  1,  1.  The  conse¬ 
quence  of  this  is,  that  the  young 
branches  of  opposite-leaved  plants  are 
usually  more  or  less  four-cornered,  in¬ 
stead  of  circular 

Whorled-leaved  plants  have  their 
leaves  placed  in  precisely  the  same 
manner  as  the  last ;  that  is,  each  whorl 
crosses  that  which  preceded  it,  as  in 
fig.  22,  where  the  first  whorl  is  repre¬ 
sented  by  1 ;  the  second  by  2  ;  and 
the  third  by  3. 

That  leaves  such  as  those  last  de¬ 
scribed  should  also  be  reconcileable 
with  the  notion  of  a  spiral  arrange¬ 
ment  seems  at  first  sight  improbable. 
But  if  they  are  studied  with  care,  cer¬ 
tain  facts  will  be  discovered  which  not 
only  tend  to  render  such  an  opinion 
probable,  but  almost  to  demonstrate 


Fig.  22. 


its  truth,  and  that  in  reality  all  modes 
of  arrangement  in  leaves  are  reducible 
to  the  theory  of  a  spiral.  In  all  con¬ 
siderations  of  this  nature  we  must 
study  intermediate  forms  and  struc¬ 
ture,  and  not  confine  ourselves  to  ex¬ 


treme  cases ;  and  in  seeking  to  dis¬ 
cover  the  analogy  between  the  opposite 
and  alternate  forms  of  leafing,  we  must 
not  confine  ourselves  to  branches 
where  leaves  are  invariably  one  or  the 
other,  but  take  those  in  which  there 
exists  a  tendency  to  vary.  Thus,  in 
the  rhododendron  ponticum  some 
leaves  are  opposite,  some  alternate. 
In  this  case  we  find  that  the  leaves 
become  opposite  where  the  internode, 
or  space  between  two  leaves,  is  not 
developed  ;  and  that  when  it  is  de¬ 
veloped,  the  leaves  are  alternate. 
Again,  in  many  heaths,  whose  leaves 
are  habitually  whorled,  or  in  honey¬ 
suckles,  in  which  they  are  opposite,  it 
is  found,  that  if  anything  disturbs  this 
arrangement,  such  as  preternaturally 
rapid  growth,  the  whorls  or  pair’s 
separate,  and  the  leaves  become  alter¬ 
nate,  acquiring  a  spiral  order.  Again, 
if  branches,  the  leaves  of  which,  under 
common  circumstances,  are  alternate, 
become  unnaturally  contracted,  as  in 
the  majority  of  what  are  called  stemless 
plants,  the  strawberry,  for  instance, 
the  leaves,  which  would,  under  dif¬ 
ferent  circumstances,  have  been  alter¬ 
nate,  become  opposite  or  whorled. 
Hence  it  is  inferred,  that  when 
branches  grow  in  ah  uninterrupted 
manner,  their  leaves  are  always  alter¬ 
nate  ;  that  when  they  are  alternately 
stopped  in  their  growth,  as  if  subject 
to  a  sort  of  oscillation  of  development, 
they  become  opposite  ;  and  that  when 
this  stoppage  takes  place,  till  three  or 
more  leaves  are  produced  before  the 
growth  of  the  branch  is  continued, 
they  become  whorled.  No  cause  can 
be  assigned  for  such  a  growth  and 
stoppage  of  growth  in  branches ;  but 
it  appears  to  be  one  of  those  specific 
vital  phenomena,  with  a  knowledge  of 
the  existence  of  which  the  human 
mind  must  remain  satisfied. 

Chapter  X. 

Of  Leaves  continued  ;  their  usual 
modifications  of  Form. 

In  its  usual  or  regular  state,  a  leaf 
is  a  thin  expansion  with  one  surface 
turned  towards  the  heavens  and  the 
other  towards  the  earth.  In  this 
state  it  is  liable  to  very  numerous 
varieties  of  form,  by  which  botanists 
distinguish  species  from  each  other, 
but  into  all  the  details  of  which  this  is 
not  the  place  to  enter.  The  greater 
part  of  these  are  designated  by  terms 
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which  are  either  used  in  their  ordinary 
acceptation,  or,  being  applied  to  other 
parts  as  well  as  leaves,  enter  into  the 
list  of  names  which  will  hereafter  be 
explained  in  descriptive  botany.  We 
shall  confine  ourselves  to  those  forms 
which  are  peculiarly  characteristic  of 
leaves. 

It  is  the  opinion  of  botanists  that 
the  most  remarkable  of  the  forms 
we  meet  with  in  leaves  are  owing  to 
the  peculiar  manner  in  which  the  veins 
ramify  in  the  parenchyma ;  that  one 
class  of  forms  is  produced  when  the 
veins  pass  straight  from  the  top  of  the 
petiole  to  the  margin ;  another  class 
when  they  curve  inwards,  and  grow  to 
one  another  without  touching  the  mar¬ 
gin  ;  a  third,  if  they  pass  in  parallel 
lines  from  the  base  to  the  apex  of  the 
leaf,  and  so  on.  And  hence  the  ar¬ 
rangement  of  veins  has  been  made  the 
fundamental  principle  of  a  classifica¬ 
tion  of  their  modifications.  Although 
this  may  be  carried  too  far,  and  is  cer¬ 
tainly  not  free  from  objections,  it  is, 
nevertheless,  the  most  convenient  mode 
which  has  yet  been  devised.  Upon 
this  principle  the  three  following  pri¬ 
mary  groups  have  been  proposed ;  of 
each  of  which  we  shall  give  some  ex¬ 
amples. 

1.  Forked-veined. 

2.  Parallel-veined;  of  which  straight- 
veined  and  curve-veined  are  forms. 

3.  Reticulated;  to  which  are  referred 
the  ribbed,  the  radiated,  and  the  fea¬ 
ther-veined  leaves. 

Forked-veined  leaves  are  those  in 
which  the  veins,  whenever  they  divide, 
separate  into  a  fork,  the  arms  of  which 
fork  again,  without  forming  a  net-work 
by  growing  into  some  other  veins.  In¬ 
stances  of  this  are  most  usual  in  ferns 
( jig.  23),  which  are  known  by  this 
among  other  characters. 

Fig.  23. 


Parallel-veined  leaves  have  their 


veins  proceeding  from  their  origin  to 
their  termination  without  branching 
only  connecting  themselves  by  equally 
simple  veinlets  which  pass  off  from 
them  at  right  angles.  Leaves  of  this 
sort  are  characteristic  of  endogens,  in 
which  they  occur  in  two  very  distinct 
forms.  The  veins  either  pass  straight 
from  the  lower  to  the  upper  end ^f  the 
leaf  running  parallel  with  the  mid-rib, 
as  in  grasses  and  lilies,  whence  they 
are  called  straight-veined  (fg.  24,  a), 
or  they  diverge  from  the  mid-rib  to¬ 
wards  the  margin,  where  they  lose 
themselves  and  are  called  curve-veined 
(fg.  24,  b ),  as  in  the  Indian  shot 
(Canna),  the  arrow-root  plant  (Ma- 
ranta),  and  the  plantain  (Musa).  The 
ragged  appearance  of  a  plantain  tree, 
when  exposed  to  wind,  is  owing  to  this 
cause  :  its  leaves  are  long,  heavy,  and 
broad  ;  and,  consequently,  offer  much 
resistance  to  the  wind  ;  but  they  are 
also  very  thin,  and  easily  torn;  there¬ 
fore,  when  this  happens,  the  lacera¬ 
tion  will  necessarily  take  place  in  the 
line  of  least  resistance,  which  is 
from  the  edge  to  the  mid-rib,  parallel 
with  the  veins,  and  not  across  them. 
Palms,  on  the  contrary,  which  are 
straight-veined  plants,  never  exhibit 
the  appearance  of  the  plantain ;  but,  if 
torn,  rend  from  one  end  towards  the 
other  into  long  shreds. 

Fig.  24. 


Reticulated,  or  netted,  leaves,  are 
formed  by  the  perpetual  branching  of 
veins,  whose  ramifications  become 
gradually  smaller  anS  smaller;  and 
growing  to  one  another,  divide  the 
leaf  into  an  infinite  number  of  angular 
spaces,  and  form  that  beautiful  net¬ 
work  which  is  so  much  admired  in  the 
dissected  leaves  of  the  shops.  In  their 
most  usual  state  the  veins  of  these 
leaves  proceed  from  the  mid-rib  at  an 
angle  more  or  less  acute,  towards  the 
margin,  sending  off  veinlets  in  their 
passage  which  meet  and  anastomoze 
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with  the  veinlets  of  other  veins.  The 
veins  themselves  curve  inwards  as  they 
approach  the  margin,  and  finally  grow 
to  the  back  of  the  vein  immediately 
before  them,  sending  off  throughout 
their  whole  length  their  delicate  net¬ 
work  of  ramifications  up  to  the  very 
margin  itself.  The  rose  offers  a  familiar 
instance  of  this. 


Fig.  25. 


DS  Candolle  has  shown  that  the 
forms  of  leaves  of  this  sort  are  very 
much  dependent  upon  the  relative  pro¬ 
portions  of  the  veins  :  thus,  if  all  the 
lateral  veins  are  short  and  of  equal 
length,  a  leaf  will  be  linear  {fig.  25,  a) ; 
if  those  of  the  middle  are  sensibly 
longer  than  the  veins  of  the  base  and 
apex,  the  form  will  be  elliptical  ( b ), 
oblong,  or  even  orbicular  ;  but  if  the 
veins  near  the  base  are  the  longest  and 
generally  diminish  towards  the  point, 
the  leaf  will  be  ovate  (c) ;  or  if  the 
longest  veins  are  beyond  the  middle, 
obovate  ( d ). 

Sometimes  the  netted  form  is  varied 
by  the  presence  of  several  ribs  which 
run  side  by  side  from  the  base  to  the 
apex,  as  in  the  melastoma  and  the  dog¬ 
wood  ;  this  is  called  ribbed  (e),  and  may¬ 
be  mistaken  for  a  parallel-veined  leaf  if 
attention  be  not  paid  to  the  netting  of 
the  veins  between  the  ribs.  In  another 
state  several  ribs  proceed  like  the  rays 
of  a  circle  from  the  point  where  the 
blade  and  the  stalk  of  the  leaf  unite  (/), 
as  in  the  poplar,  and  form  a  radiated 
leaf.  And,  finally,  in  the  oak  and 
many  other  plants  in  which  the  veins 
proceed  straight  from  the  mid-rib  to 
the  margin,  without  bending  inwards, 
the  feather-veined  form  is  produced(g). 

It  is  not  by  the  arrangement  of  their 
veins  alone  that  the  characters  of  leaves 
are  affected;  they  are  essentially  deter¬ 


mined  by  the  manner  in  which  the 
margin  is  directed :  for  this,  although 
in  some  measure  dependant  upon  the 
disposition  of  the  veins,  is  itself,  to  a 
great  extent,  an  independant  pheno¬ 
menon. 

On  this  subject,  as  upon  almost  all 
others  connected  with  the  theory  of 
vegetable  structure,  the  older  botanists 
held  erroneous  opinions.  They  con¬ 
sidered  a  leaf  to  be  a  body  originally 
undivided,  which,  owing  to  some  un¬ 
intelligible  action,  became  cut  into 
segments  in  different  ways,  so  as  to 
acquire  eventually  a  lobed  structure. 
There  can,  however,  be  no  reasonable 
doubt  that  the  explanation  given  of  its 
nature  by  De  Candolle  is  the  true  one. 
This  distinguished  botanist  has  entered 
much  more  at  large  upon  this  subject  in 
his  ‘  Organographie'  than  is  consistent 
with  our  plan ;  instead,  therefore,  of 
taking  his  words,  we  shall  give  an  expla¬ 
nation  of  our  own  of  the  theory  of  the 
structure  of  leaves  founded  upon  them. 

We  have  already  shewn  that  the  stalk 
of  a  leaf  is  a  bundle  of  vessels  and  fibre 
surrounded  by  cortical  integument  or 
parenchyma.  At  a  certain  distance 
from  the  stem  the  stalk  begins  to 
branch,  and  each  branch  carries  with  it 


Fig.  26. 


.its  own  coating  of  parenchyma ;  every 
separate  ramification,  however  minute, 
has  also  its  parenchymatous  envelope. 
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Suppose  the  ramifications  to  remain 
perpetually  distinct,  and  merely  to  de- 
velope  upon  a  plane  without  touching ; 
and  we  have  such  a  leaf  as  the  capillary 
many-parted  one  of  a  water  ranuncu¬ 
lus,  or  of  a  hymenophyllum  (Jig.  26,  a). 

Let,  however,  the  ramifications  of 
such  a  leaf  grow  together  at  their  edges 
in  a  slight  degree,  and  a  leaf  like  that 
of  jatropha  will  be  the  result  (b).  Sup¬ 
pose  the  mutual  adhesion  of  the  conti¬ 
guous  edges  take  place  still  further, 
and  the  leaf  of  meadow  geranium  will 
be  the  result.  If  all  the  secondary 
ramifications  of  that  leaf  grow  together, 
we  shall  have  the  digitate  form  of  the 
common  passion-flower  (c).  The  prin¬ 
cipal  divisions  of  this  last  united  half¬ 
way  up  will  produce  a  five-lobed  leaf 
like  that  of  sterculia  platanifolia  ( d ) ; 
still  more  consolidated,  the  crenelled 
leaf  of  dichondra  will  be  the  result  (f). 
And,  finally,  if  a  coalition  of  all  the  ex¬ 
terior  ramifications  be  completed,  we 
shall  have  the  entire  orbicular  leaf  of 
the  common  asarabacca  (Asarum)  (g). 

This  explanation  has  thus  been  ap¬ 
plied  to  a  particular  class  of  structure, 
— namely,  the  radiated ;  but  it  must  be 
obvious  that  it  is  equally  applicable  to 
all  other  forms.  For  the  terms  that  are 
employed  to  describe  all  these  and  other 
modifications  we  refer  to  the  chapter 
upon  Descriptive  Botany. 

There  is,  however,  a  kind  of  division 
somewhat  different  from  this,  although 
the  same  in  principle,  of  which  par¬ 
ticular  mention  must  be  made.  Sup¬ 
pose  the  primary  ramifications  of  a 
skeleton  feather-veined  leaf  to  remain 
quite  distinct,  while  the  ramifications 
of  all  their  divisions  are  consolidated 
into  separate  leaves,  or  rather  leaflets, 
and  a  sort  of  compound  leaf,  such  as  we 
find  in  the  liquorice,  the  pea,  &c.,  will 
be  produced ;  this  is  called  pinnated 
{fig.  27,  a).  Now,  imagine  the  skeleton 
of  the  same  leaf  to  become  consolidated 
in  its  tertiary  ramifications,  while  the 
first  and  second  veins  remain  distinct, 
and  we  have  the  bipinnated  leaf  of  the 
gum  acacia  (6).  It  is  possible  to  con¬ 
ceive  the  fourth  order  of  ramifications  of 
the  venous  system  to  be  grown  together, 
while  the  first,  second,  and  third  are 
distinct,  and  the  unusual  structure  of 
tripinnation,  such  as  is  found  in  tha- 
lictrum,  will  be  produced  (c).  Such 
divisions  may  be  carried  still  farther, 
but  the  only  name  which  is  then  ap¬ 
plied  is  suprade com pound. 

Leaves  thus  deeply  divided  are  com¬ 


monly  called  compound,  while  leaves 
which  are  less  than  pinnated  are  said 
to  be  simple ;  but  these  terms  are  now 

Fig.  27. 


pound,  whether  the  blade  be  undivided 
or  not ;  and,  on  the  other  hand,  the 
most  deeply  or  frequently  divided  leaves 
are  considered  simple,  if  no  articulat  ion 
exists  between  the  blade  and  the 
petiole.  Thus  the  leaf  of  an  orange  is 
compound,  of  a  palm  simple. 

Chapter  XI. 

Of  Leaves  continued ;  their  unusual 
modifications  of  Form. 

Besides  the  variations  in  the  external 
structure  of  leaves  treated  of  in  the  last 
chapter,  there  are  others  which,  being 
exceptions  to  general  rules,  deserve  to 
be  noticed  separately. 

These  exceptions  are  chiefly  owing 
to  five  causes,  or  to  a  combination  of 
more  than  one  of  them,  namely,  1,  a 
turgid  state  of  all  the  parts,  owing  to 
the  parenchyma  being  excessively  suc¬ 
culent  ;  2,  a  general  or  partial  diminu¬ 
tion  in  size  ;  3,  an  excessive  expansion 
of  particular  portions ;  4,  an  unusual 
contraction  and  hardening  of  parts 
which  are  generally  broad  and  leafy  ; 
and  5,  the  growing  together  of  parts 
which  are  usually  distinct. 

It  is  to  the  extreme  succulence  and 
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consequent  distention  of  the  paren¬ 
chyma  in  a  particular  direction  that 
the  singular  leaves  of  the  mesembry- 
anthema  are  indebted  for  their  curious 
forms.  In  one  species  they  are  scime- 
tar-shaped  (acinaciform)  (fig.  28,  a), 
because  the  parenchyma  increases  in 
thickness  from  the  front  to  the  back, 
while  the 'width  is  not  augmented  in  a 
corresponding  degree  ;  in  others  they 
are  axe-shaped  (dolabriform)  (b),  or 
deltoid  (c),  from  the  action  of  the  same 
cause  in  a  different  direction ;  or  they 
may  be  cylindrical  conoids  ( d ),  as  in 
mesembryanthemum  barbatum,  or  the 


Fig.  28 


common  onion,  in  which  latter  they  are 
also  hollow,  because  the  circumference 
of  such  a  leaf  grows  faster  than  the 
centre,  which  is  in  consequence  torn 
and  left  without  parenchyma  to  fill  it 

up.  . 

A  general  or  partial  diminution  in 
the  size  of  parts  produces  some  great 
deviations  from  the  usual  structure.  If 
all  the  parts  are  reduced  to  their 
smallest  size,  such  leaves  as  those  of 
the  moss,  which  are  mere  minute  and 
thin  scales,  or  of  lathraea  and  similar 
parasites,  which  are  larger  and  more 
fleshy,  but  still  mere  scales,  may  be 
the  result.  But  if  the  diminution  in 
size  take  place  only  partially,  it  will 
simply  be  attended  by  a  loss  of  sym¬ 
metry,  which  will  hence  cause  remark¬ 
able  changes  in  appearance.  In  Bego¬ 
nia,  for  instance,  one  side  of  the  leaf  is 
considerably  smaller  than  the  other,  and 
it  becomes  what  botanists  call  oblique , 
or  one-sided  {fig.  29,  a) ;  in  a  pinnated 
leaf,  the  leaflets  of  one  side  may  dis¬ 
appear,  as  in  anthyllis  and  others  ( b ). 
These  circumstances  are  always  caused, 
according  to  De  Candolle,  by  the  situa¬ 
tion  of  such  leaves  upon  the  stem 
being  mere  favourable  to  the  develop¬ 
ment  of  one  side  than  of  the  other ;  but 
this  statement  is  scarcely  borne  out 
by  facts,  which  seem  rather  to  stand 


isolated  and  incapable  of  explanation 
from  any  secondary  cause. 

Fig.  29. 


The  excessive  expansion  of  particular 
portions  is  much  more  frequently  pro¬ 
ductive  of  singularity  of  form  than  any 
of  the  preceding.  The  expansion  of  the 
petiole  in  the  orange  (fig.  30,  a),  and  the 
dionaea  gives  that  part  very  much  the 
appearance  of  a  leaf;  a  similar  struc¬ 
ture  in  the  compound  leaf  of  a  begonia 
from  Madagascar,  combined  with  the 
non-formation  of  leaflets,  converts  the 
petiole  into  what  has  been  called  a 
lomentaceous  leaf  (b);  and  a  similar 
loss  of  leaflets  connected  with  an  exces¬ 
sive  expansion  of  the  petiole  forms  the 
phyllodia  of  the  so-called  leafless 
acacias  of  New  Holland  (c,  d,  e). 


RV  an 


When  certain  parts  of  the  leaf  con¬ 
tract  and  harden,  spines  are  formed,  as 
in  the  edges  of  the  common  holly  leaf, 
where  the  hardening  is  confined  to  the 
lobes  ;  and  in  the  berberry,  which  has 
the  principal  veins  of  its  leaves  sepa¬ 
rated  and  hardened  (fig.  31,  a,  b).  In 
a  species  of  prosopis,  the  one  half  of 
the  leaflets  contracts  into  a  spine, 
while  the  other  half  remains  leafy.  But 
the  most  singular  instance  of  this  kind 
of  deviation  from  usual  structure  oc¬ 
curs  in  a  palm  called  desmoncus  (c),  in 
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which  the  upper  leaflets  of  its  pinnated 
leaves  contract  and  curve  into  scythe¬ 
shaped  hooks  by  which  the  desmoncus 
climbs,  while  the  lower  leaflets  retain 
the  usual  appearance  of  leaves. 


Fig.  31. 


But  none  of  all  these  causes  produces 
so  strong  an  effect  upon  the  general 
appearance  of  a  leaf,  or  tends  so  much 
to  render  it  unlike  itself,  as  the  ad¬ 
hesion  of  one  part  to  another,  especially 
if  accompanied  by  some  of  the  altera¬ 
tions  already  spoken  of.  Thus  in  the 
iris  the  leaves  resemble  the  blade  of  a 
straight  sword  with  one  edge  turned 
towards  the  sky,  and  the  other  towards 
the  earth.  This,  which  is  called  equi- 
tant,  is  caused  by  the  leaves  folding 
up,  and  their  faces  forming  an  ad¬ 
hesion  with  each  other  {fig-  32,  e). 
In  the  nasturtium  ( Jig .  32,  a),  the  two 

Fig.  32. 


lobes  of  the  base  of  the  leaf  grow  to¬ 
gether,  so  that  the  stalk  looks  as  if  it 
proceeded  from  the  middle  of  the  leaf, 
the  latter  becoming  what  is  called 
peltate.  In  the  honeysuckle  the  stem 


seems  to  grow  through  the  leaves,  in 
consequence  of  the  base  of  two  opposite 
leaves  adhering  ;  a  similar  appearance 
is  produced  in  bupleurum,  by  the  bases 
of  each  alternate  leaf  curving  round  the 
stem,  and  then  growing  together  into_ 
a  perfoliate  leaf  (b).  But  it  is  when 
a  leaf,  or  some  part  of  it  curves  inwards 
till  the  opposite  margins  touch,  and 
then  grow  together,  that  the  most  sin¬ 
gular  appearances  are  produced.  What 
are  commonly  called  pitchers  originate 
thus.  In  some  species  of  dischidia 
the  blade  of  the  leaf  acts  thus,  and  at 
the  same  time  becomes  enlarged  and 
succulent ;  the  consequence  is  a  sort 
of  leathery  bag  (c),  in  which  the  plant 
carries  to  the  tops  of  trees  the  water  it 
requires  for  its  support.  In  the  side¬ 
saddle  flower  (Sarracennia)  it  is  the 
whole  petiole  which  is  thus  affected, 
the  blade  of  the  leaf  remaining  un¬ 
changed,  and  acting  as  a  sort,  of  lid  to 
the  pitcher  ;  while  in  nepenthes,  or  the 
true  pitcher  plant  of  India  (d),  the 
petiole  is  partly  round,  and,  in  its  com¬ 
mon  state,  partly  expanded  into  the 
form  of  a  leaf,  and  partly  rolled  up  into 
a  pitcher,  leaving  the  blade  of  the  leaf 
at  its  extremity  as  a  cover  to  the 
pitcher. 

Thus  it  appears  that  all  the  varied 
forms  of  leaves  are  to  be  reduced  to 
one  primitive  type,  from  which  they  are 
deviations,  and  which  are  to  be  ex¬ 
plained  upon  perfectly  simple  and  in¬ 
telligible  principles.  It  will  hereafter 
be  seen  that  the  leaf  is  the  type  of 
forms  still  more  remarkable  than  any 
now  mentioned,  and  having  a  totally 
different  class  of  functions  to  perform. 

Chapter  XII. 

Of  Leaves  continued;  their  internal 
Structur 

The  universal  presence  of  leaves  upon 
all  plants,  their  highly  complicated 
structure,  the  intimate  connexion  which 
it  has  been  shown  that  they  maintain 
between  the  systems  of  the  wood  and 
bark,  their  extremely  high  develop¬ 
ment  in  many  cases,  and  their  multi¬ 
plied  variety  of  form,  all  lead  to  the 
opinion  that  they  are  organs  of  the 
most  essential  importance.  This  is 
confirmed  by  their  internal  structure, 
independently  of  experiment. 

Most  leaves  are  no  thicker  than  a 
piece  of  paper  or  parchment,  and  ap¬ 
pear  to  the  naked  eye  as  nothing  more 
than  a  thin  green  plate,  so  that  an 
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ordinary  observer  would  never  suspect 
that  their  internal  structure,  which  no 
eye,  unassisted  by  glasses,  can  investi¬ 
gate,  was  one  of  the  most  complicated 
and  highly-organized  character  ;  and 
yet  there  is  no  part  among  those  with 
which  plants  are  furnished  which  is 
more  complex.  It  is  necessary,  in¬ 
deed,  that  it  should  be  so,  in  order  to 
be  enabled  to  perform  the  important 
functions  of  digestion,  respiration,  and 
perspiration,  for  which  it  is  destined. 

This  subject  has  been  very  carefully 
investigated  by  Messrs.  Mohl,  Adolphe 
Brongniart,Meyen,andMirbel,towhom 
we  are  chiefly  indebted  for  our  know¬ 
ledge  concerning  it.  Perhaps  the  most 
simple  mode  of  explaining  the  result  of 
their  observations  will  be  to  take  some 
common  kind  of  leaf  as  a  type,  of  which 
all  others  may  be  considered  modifica¬ 
tions.  For  this  purpose  we  will  select 
the  apple. 

The  leaf  of  an  apple-tree  {Jig.  33) 
Fig.  33. 


consists  of  a  mass  of  parenchyma, 
through  which  pass  bundles  of  vessels 
and  wood  tubes  in  the  form  of  veins  ; 
the  whole  of  which  is  enclosed  between 
two  extremely  thin  plates  of  cuticle 
which  are  united  at  the  edge  of  the 
leaf.  This  cuticle  consists  of  a  single 
layer  of  minute  bladders  containing 
air,  and  pierced  with  stomates  which 
are  generally  much  more  numerous  on 
the  under  than  on  the  upper  side.  Be¬ 
neath  the  skin  of  the  upper  side  are 
about  three  layers  of  cylindrical  blad¬ 
ders  filled  with  green  pulp,  which  are 
packed  closely  together  perpendicular 
to  the  skin,  but  with  minute  cavities 
between  the  bladders,  and  more  open 
spaces  caused  by  the  total  separation 
of  the  bladders  beneath  each  breath¬ 
ing  pore.  Beneath  the  skin  of  the 


under  side  are  four  or  five  layers  of 
similar  cylindrical  bladders  lying  paral¬ 
lel  with  it,  touching  each  other  only 
at  their  ends,  and  forming  the  sides 
of  a  number  of  chambers  which  com¬ 
municate  freely  with  each  other.  This 
lower  layer  joins  the  upper  layer,  thus 
dividing  the  whole  of  the  inside  of  the 
leaf  into  two  portions,  the  constituent 
parts  of  which  are  perpendicular  to 
the  upper  surface  and  parallel  with  the 
lower ;  the  upper,  where  the  skin  has 
comparatively  few  stomates,  being 
very  compact,  the  lower,  where  the 
stomates  are  numerous,  being  very  lax 
and  cavernous ;  a  beautiful  adjust¬ 
ment  of  parts  most  admirably  adapted 
to  the  functions  of  the  leaf,  as  will  be 
hereafter  shown. 

This  is  the  common  structure  ;  that 
side  of  the  leaf  being  the  most  cavern¬ 
ous  where  there  is  the  greatest  number 
of  stomates,  and  the  reverse.  Thus, 
in  the  water  lily  (Nuphar)  {fig.  34), 
in  which  the  lower  side  of  the  leaf 
has  no  stomata,  the  compact  structure 
of  bladders  is  on  that  side,  and  the 
cavernous  parenchyma  is  on  the  upper, 
where  the  stomata  are  extremely  nu¬ 
merous. 


Fig.  34. 


In  succulent  plants,  whose  leaves  have 
neither  upper  nor  under  surface,  the 
parenchyma  is  of  equal  density  through¬ 
out;  in  leaves  which  are  constantly 
under  water,  as  in  many  floating  plants, 
the  skin  is  entirely  absent,  and  the 
cavities  of  air  are  distributed  equally 
through  the  whole  mass  of  the  paren¬ 
chyma  {Jig.  35) ;  and  in  thin  leaves, 
such  as  the  Iris,  the  two  sides  of  which 
are  exposed  alike  to  the  action  of  light, 
in  consequence  of  their  edges  being  ver¬ 
tical  instead  of  horizontal ;  the  paren¬ 
chyma  next  the  skin  is  cavernous  on 
both  sides  with  perpendicular  bladders, 
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while  the  centre  is  often  tilled  with 
eompact  parallel  bladders.  The  fol- 

Fig.  35. 


lowing  section  of  the  leaf  of  a  pine- 
tree  (fig-  36),  copied  from  Adolphe 
Brongniart,  in  which  a  is  a  bundle  of 
vessels  ,  b  b,  parallel  compact  bladders 
of  the  centre;  c  c,  the  perpendicular 
bladders  of  parenchyma  tilled  with  air 
cavities  ;  and  d  d,  the  skin  of  the  two 
surfaces,  illustrates  this. 


without  air  cavities,  and  not  covered 
by  skin ;  but  on  its  upper  surface  (b), 
where  alone  stomates  occur,  it  is  cover¬ 
ed  by  a  skin,  beneath  which  the  paren¬ 
chyma  is  tilled  with  green  pulp,  and 

Fig.  37.  d 


In  plants  with  a  hard  cuticle,  that  part 
is  often  formed  of  several  layers  of 
empty  bladders,  as  in  the  oleander ; 
and  in  mosses,  and  plants  which  have 
very  imperfect  leaves,  two  or  three 
layers  of  thin-sided  bladders  often  con¬ 
stitute  the  whole  mass,  without  dis¬ 
tinction  of  skin  from  parenchyma. 

In  marchantia,  the  structure  is,  if 
possible,  still  more  remarkable  than 
in  the  instances  already  cited.  This 
plant,  which,  in  the  hands  of  Mirbel, 
has  been  the  subject  of  the  most  pro 
found  and  complete  examination  that 
has  yet  been  instituted  in  vegetable 
physiology,  has  been  found  by  that 
skilful  observer  to  consist,  on  its  under 
side  (fig-  37,  a),  of  a  thick  layer  of 
nearly  empty  bladders,  firmly  arranged 


divided  into  a  multitude  of  lozenge¬ 
shaped  chambers  completely  cut  off 
from  one  another,  but  giving  rise  to 
numerous  jointed  deep  green  processes 
which  spring  from  their  sides,  and  par¬ 
tially  fill  the  chambers  (c). 

As  in  common  leaves,  these  chambers 
also  communicate  with  the  stomates, 
which  in  marchantia  may,  without  ex¬ 
aggeration,  be  compared  to  chimneys, 
through  which  ventilation  is  carried 
on  (d). 

What  has  hitherto  been  stated  re¬ 
fers  only  to  the  parenchymatous  struc¬ 
ture  of  leaves.  The  venous  system 
which  pierces  them  in  every  direction 
consists  of  vessels  surrounded  by  woody 
tubes,  which  stiffen  and  protect  the 
former  (fig.  33  and  36,  a) :  these  are 
largest  near  the  base  of  the  leaf,  and 
gradually  diminish  in  thickness  to¬ 
wards  the  extremity  of  their  ramifica¬ 
tions,  till  they  altogether  lose  them¬ 
selves  in  the  parenchyma.  To  the 
eye,  aided  by  the  most  powerful  micro¬ 
scopes,  the  veins  seem  to  be  altogether 
single  :  but  it  is  well  known  that  when 
a  leaf  has  been  macerated  till  the  pa¬ 
renchyma  is  quite  decayed,  the  veins 
will  separate  into  an  upper  and  a  lower 
stratum,  so  neatly  and  regularly,  that 
it  is  impossible  to  doubt  their  having 
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originally  consisted  of  two  distinct 
systems,  the  one  placed  above  the 
other.  As  the  sap  is  propelled  from 
the  wood  into  the  leaf  in  a  crude  state, 
and  returned  into  the  bark  in  an  ela¬ 
borated  state,  and  as  the  veins  of  leaves 
are  evidently  connected  with  both  the 
wood  and  the  bark,  it  is  supposed  that 
the  upper  of  the  two  layers  is  for  the 
onward  flow  of  the  crude  sap,  and  the 
lower  layer  for  the  backward  flow  of 
the  elaborated  sap ;  but  there  is  no 
distinct  evidence  of  this  opinion  being 
well  founded. 

The  anatomical  structure  of  the  leaf 
appears  distinctly  connected  with  its 
functions  of  respiration  and  evapora¬ 
tion.  That  side  of  the  leaf  which  is 
next  the  sun  being  most  exposed  to 
heat,  the  cylindrical  bladders  that  form 
it  are  placed  with  their  narrow  ends 
next  the  cuticle,  by  which  means  they 
not  only  each  present  the  smallest  eva¬ 
porating  surface,  but  are  so  circum¬ 
stanced  with  respect  to  each  other,  as 
to  be  able,  with  the  least  difficulty,  to 
absorb  fluid  from  each  other  as  they 
empty.  The  bladders  next  the  lower 
surface  not  being  exposed  to  the  same 
kind  of  external  influence,  do  not  re¬ 
quire  the  same  kind  of  internal  adjust¬ 
ment  of  their  parts,  but  are  arranged 
with  wide  intervals  between  them, 
which  communicate  with  the  chambers 
below  the  numerous  breathing  pores  of 
the  lower  surface.  Here,  then,  the 
functions  of  respiration  are  best  per¬ 
formed,  each  bladder,  on  the  one  hand, 
exposes  the  greatest  possible  extent  of 
surface  to  the  action  of  the  oxygen  or 
carbonic  acid  that  may  be  received  by 
the  breathing  pores,  and  has,  on  the 
other,  the  greatest  possible  power  of 
parting,  firstly,  with  the  oxygen,  which 
results  from  the  decomposition  of  the 
carbonic  acid  in  these  vegetable  sto¬ 
machs,  and  secondly,  with  the  super¬ 
fluous  water,  which  is  not  evaporated 
by  the  upper  surface  through  the 
cuticle.  It  will  be  observed,  that  in 
the  water-lily  (Jig.  34),  in  which  the 
most  cavernous  part  of  the  parenchyma 
is  next  the  upper  surface,  the  leaf 
floats  with  its  lower  face  upon  the 
water,  respiration  consequently  cannot 
take  place  at  the  under  surface,  and 
the  function  is  of  necessity  transferred 
to  the  upper,  where  the  stomata  all  are. 

From  these  statements  it  is  to  be  in¬ 
ferred  that  leaves  are  a  sort  of  pneu¬ 
matic  apparatus,  of  a  highly-curious 


and  elaborate  structure  ;  and  that  the 
variations  which  occur  in  their  internal 
organization  are  beautiful  adaptations 
of  the  parenchyma  to  the  particular 
circumstances  under  which  the  leaves 
themselves  are  placed. 

Chapter  XIII. 

Of  Stipules,  Tendrils,  and  Hooks. 

The  stipules  are,  in  many  respects, 
analogous  to  leaves  ;  like  those  organs 
they  are  often  green,  lobed,  or  otherwise 
characterized  ;  they  frequently  have 
buds  in  their  axils,  as  in  the  peach  and 
the  willow ;  and  they  sometimes  are 
not  distinguishable  from  leaves  by  any¬ 
thing  in  their  form,  colour,  or  consist¬ 
ence.  Nevertheless  they  are,  in  most 
cases,  sufficiently  different  from  leaves, 
and  are  always  to  be  recognised  by 
their  position  at  the  base  of  a  leaf,  one 
on  each  side. 

In  their  most  complete  state  they 
are  little  leafy  bodies,  as  in  the  vetch 
(Jig.  38,  a)  and  the  pea ;  they  are  large, 
lobed,  green  organs  in  the  heart’s-ease 
(Jig.  1,  d) ;  in  the  tulip  tree  they  are 
flat,  oblong,  undivided  membranes 
(Jig.  38,  b ) ;  in  the  bird  cherry  they  are 


Fig.  38. 


nothing  more  than  fine  green  bristles  ; 
and  in  other  plants,  as  buckthorn  for  in¬ 
stance,  they  are  frequently  reduced  to 
the  state  of  a  minute  withered  scale.  By 
hardening  and  becoming  conical,  they 
resemble  spines  in  some  mimosas  (c) ; 
and  by  losing  their  parenchyma,  and 
lengthening  their  mid-rib,  they  are 
transformed  into  long,  soft,  thread-like 
processes,  which  will  twine  round 
neighbouring  bodies,  and  thus  support 
the  weak  and  slender  stem  in  Ihe  air, 
as  in  gourd-like  plants.  They  are  then 
real  tendrils. 

By  adhesions  either  with  each  other, 
or  with  the  leaf,  they  sometimes  alter 
their  appearance  in  a  remarkable  de- 
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gree.  in  magnolia,  they  grow  to¬ 
gether  by  their  upper  end,  and  rolling 
round  the  young  buds,  forn:  a  long 
horn-like  sheath,  which  effectually 
protects  them  till  they  are  ready  to  un¬ 
fold.  The  pondweed  (potamogeton) 
has  a  structure  analogous  to  the  last 
(fig.  39,  d).  In  cinchonaceous  plants 
they  adhere  sometimes  by  one  edge, 
sometimes  by  another ;  but  most  com¬ 
monly  the  two  contiguous  stipules  of 
a  pair  of  opposite  leaves  unite  by 
their  edges,  and  grow  into  a  scale 
placed  between  their  two  footstalks, 
which  is  called  an  interpetiolar  stipule 
(fig.  39,  c).  In  polygonum  they  are 
thin,  rolled  round  the  stem,  and  united 
to  each  other  by  both  edges,  so  as  to 
form  the  sheath  to  which  the  name 
of  ochrea  is  technically  given  (b).  In 
the  rose  they  grow  to  the  edge  of 
the  footstalk,  of  which  they  become  a 
thin,  leafy  margin.  And  finally,  in 
alternate-leaved  plants  they  are  some¬ 
times  large  enough  to  surround  the 
stem  and  unite  where  they  meet  on 
the  side  opposite  to  the  leaf,  which  is 
then  called  synochreate  or  hypoglotti- 
deous,  as  in  many  species  of  astra¬ 
galus  (a). 


Fig.  39. 


Many  other  modifications  might  be 
pointed  out ;  those  now  explained 
will  serve  to  show  that  the  stipules  are 
such  variable  organs,  that  neither  form, 
texture,  size,  nor  colour  Will  define 
them  ;  but  that  they  are  simply  cha¬ 
racterized  by  being  placed  at  the  baie 
of  the  leafstalk. 

The  use  of  stipules  in  their  most  com¬ 
plete  state  is  supposed  to  be  to  protect 
the  young  leaves  ;  such  at  least  seems 
to  be  the  case  in  species  whose  stipules 
are  very  highly  developed  :  in  the  fig 
and  magnolia,  for  example,  they  roll 
round  the  leaves  till  the  latter  are  large 
enough  to  burst  through  them,  and  are 
able  to  bear  exposure  to  the  air  with¬ 


out  injury  and  in  the  tulip-tree  (Lt- 
rioderidron  tulipifera)  they  act  like  two 
dishes  which  fit  together  by  their  edges, 
and  enclose  the  young  leaves  in  their 
concavity  (fig.  38,  b).  But  it  is  diffi¬ 
cult  to  believe  that  protection  is  the 
only  office  these  organs  have  to  exer¬ 
cise,  for  in  by  far  the  greater  number 
of  cases  they  are  so  small  as  to  be 
unable  to  perform  any  such  purpose. 
If  instances  of  their  being  rudimen¬ 
tary  bodies  were  rare,  instead  of  so 
very  common,  it  would  be  easier  to 
believe  that  the  business  of  stipules 
is  really  that  which  is  assigned  to 
them. 

Tendril  is  a  name  given  to  any  part 
of  a  plant  which  is  thread-like  and 
capable  of  twisting  round  neighbour¬ 
ing  plants  ;  it  cannot,  therefore,  be  re¬ 
ferred  to  any  particular  class  of  organs. 
In  the  vine  it  is  a  transformation  of 
flowering  branches ;  in  the  gourd  it  is 
an  altered  stipule  ;  in  the  pea  it  is  the 
extremity  of  the  petiole  ;  in  gloriosa  it 
is  the  point  of  the  leaf  (fig.  40,  «), 
which  is  nearly  the  same  thing;  in 
nepenthes  it  is  the  cylindrical  part  of 
the  petiole ;  and  in  the  singular  genus 
strophanthus  it  is  actually  the  points 
of  the  petals  which  have  become  ten¬ 
drils,  and  twine  round  other  plants. 

Hooks,  w’hich,  like  tendrils,  are  con¬ 
trivances  by  which  weak  plants  cling 
to  those  that  are  stronger,  are  also  mere 
adaptations  of  other  organs  to  that  pur¬ 
pose.  The  hooks  of  uncaria  (fig.  40,  c) 
are  abortive  branches,  leafless,  spiny, 
and  very  much  curved  ;  those  of  com- 
bretacese  are  produced  by  the  harden¬ 
ing  of  the  petiole  after  the  leaf  has 
withered ;  and  in  the  singular  genus 
ancistrocladus  they  appear  to  be  also 
petioles,  but  of  leaves  which  never  de- 
velope  in  any  other  form  (d). 


Fig.  40. 
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Chapter  XIV. 

Of  Bracts. 

An  the  parts  hitherto  treated  of  be¬ 
long  to  what  are  called  the  organs  of 
nutrition  or  of  vegetation.  Their 
office  is  so  strictly  conservative,  that 
nothing  has  been  assigned  to  them 
beyond  the  power  of  absorbing  crude 
food  from  the  earth  by  the  roots,  alter¬ 
ing  it  a  little  in  the  stem,  digesting 
and  separating  it  in  the  leaves,  and 
storing  up  in  the  bark  and  wood  the 
matter  thus  altered  and  inspissated. 
Every  thing  which  is  developed  subse¬ 
quently  to  the  leaves  belongs  to  the 
organs  of  reproduction  or  of  fructifi¬ 
cation  ;  the  sole  office  of  which  is  to 
secure  the  perpetuation  of  species  by 
seed, — an  action  they  are  enabled  to 
perform  by  the  nutrient  properties  of 
the  stem  and  leaves. 

A  little  below  the  flower,  interposed 
between  it  and  the  leaf,  from  the  axil 
of  which  it  arises,  are,  in  the  Heart’s- 
ease,  one  or  two  little  scales,  which  are 
evidently  organs  in  an  exceedingly  ru¬ 
dimentary  state.  Botanists  call  them 
bracts  {fig.  41,  a),  and  suppose  them, 
when  sufficiently  large,  to  be  destined 
for  the  protection  of  flowers  before  they 
unfold  ;  but  they  are  frequently  in  an 
extremely  imperfect  state,  and  quite 
unfitted  for  such  a  purpose. 

Although  bracts  are  so  exceedingly 
minute  in  the  Heart's-ease,  and,  in  such 
plants  as  we  are  most  in  the  habit  of 
examining,  are  seldom  so  large  as  ordi¬ 
nary  sized  leaves,  or  of  any  other  colour 
than  green,  yet  they  are  sometimes  of 
remarkable  dimensions,  and  coloured 
white,  or  purple,  or  crimson,  or  some 
other  gay  tint,  and  then  receive  the 
especial  name  of  spathe  {fig.  41 ,  d).  An 
instance  of  this  we  find  in  the  Cuckoo¬ 
flower  of  our  own  hedges  (Arum  ma- 
culatum) ;  in  some  foreign  Arums  the 
spathe  is  very  much  larger  than  in  our 
indigenous  species;  but  it  is  in  Palms 
that  this  part  acquires  its  most  extraor¬ 
dinary  dimensions.  The  spathe  of  Al- 
fonsia  amygdalina,  a  South  American 
species,  is  computed  to  contain  up¬ 
wards  of  200,000  flowers;  and  that  of 
Corypha  Taliera,  an  East  Indian  palm, 
is  often  as  much  as  twenty  feet  long. 

When  bracts  are  collected  into  a 
whorl,  as  in  umbelliferous  plants,  they 
are  said  to  form  an  involucre  {fig.  41,  e), 
which,  if  very  small,  receives  the  dimi¬ 
nutive  name  of  involucel.  This  kind 
of  organ  is  very  remarkable  in  com¬ 


pound-flowered  plants,  appearing  as  if 
it  constituted  a  calyx  common  to  many 
flowers  {fig.  41,  c) ;  and  hence  it  used 
to  be  called  a  common  calyx.  It  how¬ 
ever  does  not  differ  from  the  involucre 
in  any  thing  more  than  its  bracts  being 
more  numerous,  more  closely  packed, 
and  parallel  with  each  other,  instead 
of  diverging.  Periphoranthium  and 
periclinium  are  names  given  by  foreign 
botanists  to  this  kind  of  involucre. 

Sometimes  bracts  not  only  collect  in 
a  whorl,  and  grow  parallel  with  each 
other,  as  in  the  true  involucre,  but  they 
actually  grow  together  into  a  solid  cup- 
shaped  body,  their  points  only  remain¬ 
ing  distinct :  such  is  the  cup,  or  cupule, 
of  the  acorn  {fig.  41,  b).  The  real  na¬ 
ture  of  this  part  is  not  very  obvious  in 
our  wild  oaks,  but  it  may  be  distinctly 
observed  in  the  cupules  of  the  mossy- 
cupped,  or  Turkey  oak  (Quercus  cerris), 
which  is  common  in  plantations.  If 
the  young  acorns  of  that  species  are 
examined,  the  cup  will  be  found  to 
consist  of  numerous  whorls  of  bracts 
loosely  cohering,  and  evidently  not  dis¬ 
tinguishable  from  common  bracts ;  as 
it  gets  older  they  grow  together  by 
their  lower  ends,  till  at  last  the  acorn 
cup  is  fully  formed.  In  Grasses  and 
Sedges  the  flowers  seem  to  be  com¬ 
posed  of  nothing  but  bracts,  in  differ¬ 
ent  states,  packed  closely  one  over  the 
other;  in  these  instances  we  must  sup¬ 
pose  they  perform  the  office  of  calyx, 
whatever  that  office  may  be. 

Fig.  41. 


Bracts  being  thus  variable  in  their 
appearance,  their  limitation  becomes 
proportionably  difficult.  The  best  per¬ 
haps  is  that  which  defines  them  to  be 
all  leafy  bodies  which  intervene  be- 
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tween  the  calyx  and  the  leaves.  To 
this,  however,  the  impossibility  of  de¬ 
termining,  in  some  cases,  where  the 
calyx  begins,  is  an  objection.  (See 
Chap.  XVI.)  Difficulties  of  this  kind 
arise,  out  of  the  very  nature  of  things, 
and  are  consequently  not  to  be  over¬ 
come,  as  will  be  hereafter  explained. 
(See  Chap.  XXV.) 

As  all  leaves  have  the  power  of 
forming  leaf-buds  in  their  axils,  so  have 
all  bracts  the  power  of  forming  flower- 
buds  in  their  axils  ;  and  it  rarely  hap¬ 
pens  that  flowers  occur  which  do  not 
thus  originate.  Hence  it  is  a  general 
rule,  that  where  bracts  are  found, 
flowers  may  also  be  expected. 

Chapter  XV. 

Of  the  Inflorescence. 

The  manner  in  which  flowers  are  ar¬ 
ranged  upon  a  stem,  or,  more  correctly, 
upon  that  part  which  bears  the  flowers 
without  lengthening  into  a  leaf-bear¬ 
ing  branch,  is  called  the  Inflores¬ 
cence.  A  variety  of  different  forms  is 
mentioned  by  botanists,  and  it  is  found 
necessary  to  distinguish  them  with  care 
for  systematic  purposes  ;  but  they  are, 
in  reality,  all  modifications  of  two  pri¬ 
mitive  types,  which,  if  well  understood, 
will  readily  explain  the  origin  of  the 
others. 

In  order  to  make  this  intelligible, 
we  must  consider  upon  what  principle 
branches  ramify.  When  an  embryo 
plant  shoots  up  its  first  stem,  it  is  ter¬ 
minated  by  a  growing  point,  which 
keeps  leaving  leaf-buds  behind  it  on 
the  surface  of  the  stem  as  it  lengthens. 
This  growing  point  finally  occupies  in 
the  winter  the  centre  of  that  leaf-bud 
by  which  a  stem  is  terminated,  and 
again  lengthens  in  the  spring  when 
vegetation  is  renewed.  Let  us  call  the 
stem  of  the  first  year,  with  the  leaf-bud 
at  its  extremity,  the  primary  axis  (fig. 
42,  A  B);  this  part  is  covered  with  other 
leaf-buds,  which,  when  they  lengthen, 
do  so  upon  exactly  the  same  plan  as  the 
first,  each  having  its  own  growing 
point,  and  forming  a  secondary  axis 
(C  D),  which  itself,  in  like  manner,  ge¬ 
nerates  tertiary  axes  (E  F),  and  so  on. 

Now,  the  inflorescence  of  a  plant 
obeys  the  same  laws  of  branching ;  only 
for  leaf-buds  we  have  flowers.  And 
tlie  two  primitive  types  to  which  all 
modifications  of  inflorescence  are  re¬ 
ducible,  depend  upon  whether  the 
growing  point  of  the  primary  axis  has 


the  power  of  lengthening  indefinilely 
or  not.  If  it  have  the  power  of  grow¬ 
ing  indefinitely,  inflorescence  is  said  to 

Fig.  42. 


be  indeterminate ;  if  its  powers  of 
lengthening  are  uniformly  arrested  at 
an  early  period,  inflorescence  becomes 
determinate  ;  these  being  the  original 
causes  of  the  various  forms  of  branch¬ 
ing  we  meet  with  among  flowers. 

§  1.- -—Indeterminate  Inflorescence. 

The  characteristic  of  this  is,  that  the 
primary  axis  is  not  arrested  in  its 
growth  at  a  very  early  age,  but  its 
secondary,  tertiary,  or  other  axes  are ; 
and  it  comprehends  some  of  the  most 
common  modifications.  Let  the  lines 
a  a,  b  (fig.  43),  represent  such  an  axis, 
the  lateral  buds  or  secondary  axes  of 
which  are  flowers.  As  those  buds 
which  are  nearest  a  a  were  the  first 
formed,  they  must  of  course  be  the 
oldest ;  they  will  therefore  he  the  first 
to  open  ;  and  consequently  the  flowers, 
when  they  expand,  will  do  so  first  at 
a  a,  and  last  at  b,  or  in  an  ascending 
order.  This  order  of  flowering  is  called 
centripetal,  because  a  a  is  considered 
to  represent  the  circumference  of  a 
cone  of  which  b  is  the  apex  or  centre. 
Now,  suppose  that  while  the  primary 
axis  a  a ,  b,  is  indeterminate,  all  the 
secondary  ones  o,  o,  o,  are  determinate, 
and  have  no  power  whatever  of  length¬ 
ening  (fig.  43,  1),  an  inflorescence  will 
be  produced  analogous  to  that  of  the 
Rib-grass  (Plantago) :  this  is  called  a 
spike ;  or  if  it  only  bears  barren  flowers, 
and  drops  off  after  shedding  the  pollen, 
as  in  the  Hazel,  an  amentum  or  catkin  ; 
or  if  it  is  covered  very  densely  by 
flowers,  and  is  enclosed  within  a  spathe, 
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as  in  Arum,  it  receives  the  name  of 
spadix. 

But  if  the  secondary  axes  o,  o,  o, 
have  the  power  of  lengthening  equally, 
without  however  producing  tertiary 
axes,  a  raceme  {fig.  43, 2)  is  the  result, 
as  in  the  Currant. 

And  if  the  secondary  axes  develop 
tertiary  axes  {fig.  43,  3),  a  panicle  will 
be  formed,  as  in  Poa  annua,  which  will 
be  more  or  less  compound  according 
to  the  number  of  degrees  of  its  ramifi¬ 
cation.  When  the  upper  and  lower 
branches  are  shorter  than  those  in  the 
middle  of  a  panicle,  as  in  the  Lilac,  we 
have  a  thyrse. 


a  a 


§  2. — Determinate  Inflorescence. 


Forms  referable  to  this  type  are  dis¬ 
tinguished  by  the  primary  axis  being 
arrested  in  its  growth,  before  the  pur¬ 
poses  of  flowering  are  at  an  end ;  the 
consequence  of  which  is,  that  determi¬ 


nate  inflorescences,  if  consisting  of 
more  than  one  flower,  are  broad  instead 
of  being  long.  A  solitary  flower,  such 
as  that  of  the  stemless  Gentian,  is 
taken  as  a  type  of  this.  It  consists  of 
a  primary  axis  terminating  in  a  single 
flower.  An  idea  of  it  may  be  ob¬ 
tained  from  fig.  44,  l,in  which  the  lines 
aab  represent  the  primary  axis,  bearing 
bracts  from  which  secondary  axes  do 
not  arise. 

Now,  let  secondary  axes  arise  from 
this,  of  which  the  lowest  are  longer 
than  the  uppermost,  and  each  long 
enough  to  be  elevated  as  high  as  the 
central  flower,  and  we  have  a  corymb 
{fig.  44,  2). 

Suppose  the  primary  axis  to  be  ex¬ 
ceedingly  short,  and  the  buds  of  second¬ 
ary  axes  to  be  closely  crowded  upon  it ; 
if,  in  such  a  case,  the  secondary  axes 
do  not  lengthen,  but  merely  unfold 
their  flower,  as  in  fig.  44,  3,  a  head  or 
capitulum,  like  that  of  the  Dandelion, 
is  the  consequence,  in  which  the  axis 
is  distended  laterally,  in  order  to  make 
room  for  the  flowers. 

But  if,  while  the  primary  axis  is 
very  short,  the  secondary  axes  lengthen 
partially  so  as  to  form  stalks  to  the 
flowers,  as  at  fig.  44,  4,  an  umbel  will 
be  formed,  which  umbel  will  become 
compound ,  if  the  secondary  axes  de¬ 
velop  upon  the  same  plan  as  the  primary 
(fin-  44,  5). 

Hence  it  is  evident  that  the  head  is 
a  spike  with  a  short  primary  axis, 
the  umbel  a  raceme,  and  a  compound 
umbel  a  panicle  in  the  same  condition. 
All  these  forms  follow  the  centripetal 
order  of  flowering. 


But  there  are  other  determinate  trifugal  order  takes  place  ;  that  is  to 
forms  of  inflorescence  in  which  a  cen-  say,  in  which  the  uppermost,  ot  most 

D  2 


BOTANY. 


36 

central,  flower  opens  first,  and  the 
lowermost,  or  most  external,  last.  In 
these  cases  the  theory  is,  that  it  is  not 
till  after  the  central  flower  is  formed 
that  the  lateral  ones  begin  to  develop, 
and  that  consequently  the  central 
flower,  in  such  instances,  is  really  the 
oldest.  A  bit  of  the  Laurustinus  (Vi¬ 
burnum  tinus,y?o\  45)  shows  this  very 
well. 


Fig.  45. 


If  this  sort  of  centrifugal  develop¬ 
ment  resembles  a  panicle,  or  rather  an 
irregular  umbel,  as  in  the  Laurustinus, 
it  is  called  a  cyme. 

When  what  would  otherwise  be  a 
capitulum  expands  its  flowers  centri- 
fugally,  it  is  called  a  glomerule. 

And  if  a  cymose  arrangement  of  the 
parts  is  much  contracted  and  but  little 
branched,  as  in  a  Sweetwilliam,  we 
have  th q  fascicle. 

Chapter  XVI. 

Of  the  Floral  Envelopes. 

A  perfect  flower  consists  of  three 
principal  parts  ;  namely,  the  floral  en¬ 
velopes,  the  fructifying  system,  and  the 
fertilizing  system.  Of  these  the  two 
last  are  always  present,  either  both  to¬ 
gether  or  in  separate  flowers  ;  the 
first  may  be  either  present  or  absent, 
not  being  essential  to  a  flower. 

The  floral  envelopes  generally  con¬ 
sist  of  two  different  parts,  the  calyx 
and  the  corolla :  wherever  these  can  be 
distinguished,  they  are  spoken  of  sepa¬ 
rately  ;  and  it  is  probable  that  their 
respective  office  is,  in  that  case,  differ¬ 
ent  also.  But  it  frequently  happens 
not  only  that  these  organs  run  so  much 
into  bracts  as  not  to  be  readily  distin¬ 
guishable  from  those  parts,  but  that 
they  pass  so  gradually  into  each  other, 
that  although  from  the  appearance  of 
the  external  of  the  floral  envelopes  we 
may  consider  these  calyx,  and  from 
that  of  the  internal  ones  we  can  sup¬ 
pose  those  to  be  corolla,  yet  we  are  quite 


at  a  loss  to  know  where  the  outer  ends, 
and  the  inner  begins.  This  happens 
in  the  Carolina  allspice  (Calycanthus), 
the  white  Water-lily  (Nymphaea),  and 
various  other  plants.  To  designate 
such  cases,  the  word  perianth,  or  peri- 
gone,  has  been  contrived ;  and  in  de¬ 
scriptive  botany  is  employed  to  ex¬ 
press  floral  envelopes  consisting  of 
several  whorls  of  parts  passing  gra¬ 
dually  into  each  other.  This  seems 
to  show  that  whatever  the  calyx  and 
corolla  may  be,  they  are  extremely 
similar,  or,  indeed,  identical  in  nature. 

In  some  cases  the  parts  of  which 
they  are  composed  are  green  like  leaves, 
particularly  in  the  calyx  ;  but  most 
frequently  they  are  thinner,  more  deli¬ 
cate,  and  of  a  colour  not  green.  They 
are  usually  destitute  of  the  hard  fibrous 
texture  of  leaves,  for  which  indeed  they 
have  no  occasion,  their  existence  being 
usually  very  transitory  ;  they  are,  how¬ 
ever,  pierced  by  air-vessels,  which  are 
arranged  somewhat  upon  the  plan  of 
the  veins  in  leaves,  and  they  are  amply- 
supplied  with  stomates.  The  tissue  of 
which  they  consist  is  uniformly  colour¬ 
less  and  transparent ;  and  the  gay  co¬ 
lours  by  which  they  are  so  generally 
remarkable,  are  caused  by  minute  drops 
of  coloured  fluid  lying  in  their  cells. 
Such  drops  are  therefore  separated  from 
each  other  by  minute  air-cavities  or 
plates,  and  this  is  probably  the  cause 
of  the  beautiful  satiny  lustre  we  find 
upon  almost  all  petals. 

The  manner  in  which  the  pieces  of 
the  floral  envelopes  are  respectively 
arranged  in  the  flower-buds  is  called 
their  (estivation ,  and  has  received  cer¬ 
tain  distinctive  names,  of  which  the 
following  are  the  most  remarkable. 

Valvate,  when  the  pieces  fit  exactly 
to  each  other  by  their  edges,  as  in  the 
calyx  of  the  Mallow  {fig.  46,  a). 

Imbricated,  when  the  pieces  are 
placed  in  part  externally,  and  in  part 
internally,  so  that  the  latter  are  covered 
over  by  the  former,  as  in  the  calyx  of 
Hypericum  {fig.  46,  c). 

Twisted  or  contorted,  when  each 
part  is  turned  slightly  on  its  own  axis, 
so  that  by  one  of  its  edges  it  covers  its 
neighbour,  while  it  is,  in  like  manner, 
itself  covered  by  the  piece  which  is 
next  it,  as  in  the  corolla  of  a  Mallow 
{fig.  46,  b). 

If  the  pieces  of  the  floral  envelopes 
are  all  distinct,  this  fact  is  expressed 
by  prefixing  the  word  poly  (many)  to 
the  part  which  is  spoken  of,  as  poly- 
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sepalous,  if  the  calyx  consists  of  several 
pieces  or  sepals ;  and  polypetalous ,  if 
the  corolla  consists  of  several  petals. 

Fig.  46. 


But  if  the  pieces  grow  together  by 
their  edges  and  form  a  tube  or  cup,  we 
then  say  monosepalous  or  rmnopetalous, 
that  is,  one-sepaled  or  one-petaled ;  by 
which  is  to  be  understood  that  they  are 
all  grown  into  one,  and  not  that  such  a 
tube  or  cup  is  only  one  piece  notched 
at  its  edge.  The  Greek  privative  a  is 
also  employed  to  designate  their  ab¬ 
sence,  as  asepalnus,  or  apetalous. 

Sometimes  the  upper  part  of  the 
floral  envelopes  grows  into  a  solid  lid, 
and  separates  from  the  lower,  falling 
off  like  a  cap  ;  this  happens  to  the 
calyx  of  Eucalyptus  {fig.  47,  a),  and  to 
the  corolla  of  Eudesmia  {fig.  A7,  b). 

Fig.  47. 


Calyx. — When  the  calyx  is  distin¬ 
guishable  from  the  corolla,  it  is  com¬ 
monly  known  by  being  smaller,  greener, 
and  more  leaf-like,  or  more  permanent. 
But  such  characters  will  not  always 
indicate  it,  for  we  find  it  more  richly 
coloured  and  larger  than  the  corolla  in 
the  Fuchsia,  and  more  deciduous  in  the 
Poppy.  In  fact,  there  seem  no  means 
of  defining  the  calyx  better,  than  as 
the  most  exterior  whorl  of  the  floral 
envelopes  ;  and  consequently  the  name 
is  so  applied,  whatever  the  colour,  size, 
or  other  characters  of  the  exterior 
whorl  may  be  ;  and  hence  if  there  is 
only  one  whorl,  that  one  is  calyx.  Care, 
however,  must  be  taken,  when  the 
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sepals  and  petals  grow  together  into  a 
tube,  that  such  a  circumstance  does  not 
prevent  our  perceiving  the  presence  of 
two  whorls,  as  in  the  Crocus,  in  which 
a  careful  examination  will  show  that 
there  are  really  twm  whorls,  each  con¬ 
sisting  of  three  pieces,  one  on  the  out¬ 
side  of  the  other,  and  consequently  that 
both  calyx  and  corolla  are  present. 

The  calyx  frequently  drops  off  when 
the  flowering  is  pver,  but  sometimes  it 
continues  to  grow  for  a  long  time  after¬ 
wards.  Thus  in  the  Gaultheria  and  the 
Strawberry-blite,  it  becomes  red  and 
succulent ;  in  Christ’s  thorn  (Paliurus 
australis),  it  expands  into  a  broad  thin 
woody  rim ;  and  in  the  black  varnish 
tree  of  Burma  (Melanorhaea  usitatis- 
sima),  it  grows  from  little  green  scales 
into  as  many  large,  leafy,  veiny,  red 
parts,  looking  like  a  corolla  surround¬ 
ing  the  fruit. 

Not  only  do  the  sepals  grow  together 
and  form  a  tube  or  cup,  but  they  some¬ 
times  grow  to  the  outside  of  the  ovary, 
so  as  to  become  quite  incorporated 
with  it,  as  in  the  Apple.  When  this 
happens,  the  calyx  is  called  superior 
{fig.  48,  a  b),  for  it  looks  as  if  it  actu¬ 
ally  grew  upon  the  ovary;  while,  on 
the  other  hand,  it  is  called  inferior 
( fig  .48  ,cd  e)  in  its  ordinary  position,  as 
in  the  Cherry.  The  French,  with  more 
reason,  say  it  is  free  in  the  latter  case, 
and  adherent  in  the  former;  but  the 
first-mentioned  terms,  although  not  to 
be  defended,  are  in  most  common  use. 


Fig.  48. 


Corolla. — This  part,  which,  it  will  be 
seen  from  what  has  lately  been  said,  is 
only  to  be  known  with  certainty  from 
the  calyx  by  its  being  placed  between 
that  part  and  the  stamens,  is  often, 
nevertheless,  the  most  conspicuous  part 
of  the  plant,  because  the  gay  colours 
and  the  fragrant  odours  of  flowers  are 
generally  resident  in  it. 

The  pieces,  or  petals,  of  which  the 
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corolla  consists,  are  sometimes  so  much 
narrowed  towards  the  base  as  to  be 
separable  into  two  parts,  just  as  a  leaf 
may  be  separated  into  stalk  and  blade ; 
in  that  case  the  stalk  part  of  the  petal 
is  called  the  unguis  or  claw,  and  the 
blade  has  the  name  of  limb.  It  is 
probably  by  petals  of  this  sort  that 
monopetalous  corollas  with  long  tubes 
are  formed,  the  border  consisting  of 
the  limbs,  the  petals  and  the  tube  of 
their  claws  in  a  state  of  adhesion.  The 
orifice  of  such  a  tube  is  called  the 
throat  or  faux.  The  petals  alternate 
regularly  with  the  sepals,  and  are 
usually  either  equal  to  them  in  num¬ 
ber,  or  twice  as  numerous ;  but  in  con¬ 
sequence  of  the  irregular  way  in  which 
the  petals  and  sepals  respectively  co¬ 
here,  this  cannot  always  be  very  well 
made  out.  For  instance,  in  the  garden 
Sage,  the  calyx  has  apparently  two  lips 
or  parts,  while  the  corolla  has  four; 
but  if  the  former  be  attentively  ex¬ 
amined,  its  upper  lip  will  be  found  to 
consist  of  three,  and  its  lower  of  two 
sepals  ;  while  in  the  corolla  the  upper- 
lip  consists  of  two  petals,  and  the  lower 
of  three,  adhering  unequally  and  irre¬ 
gularly.  Hence  the  calyx  and  the 
corolla  of  that  plant  really  consist  each 
of  five  pieces. 

The  pieces  of  a  corolla  are  not  un- 
frequently  extremely  unequal  in  size, 
and  irregular  in  form  and  direction. 
It  is,  however,  only  in  &  papilionaceous 
corolla  that  special  names  are  given  to 
the  parts.  A  corolla  of  this  descrip¬ 
tion  is  found  in  the  Pea,  and  consists 
of,  1st,  a  broad  roundish  petal,  which 
stands  erect  from  the  others  (the  vex- 
illum  or  standard)  {fig.  49,  a) ;  2nd,  of 


Fig.  49. 


c 


two  oblong,  parallel,  slightly  convex 
petals  (the  airs  or  wings)  (b),  which 
conceal,  3rd,  the  keel  or  carina  (c), 


which  consists  of  two  petals  sticking 
together  by  their  front  edges. 

Sometimes  petals  have  membranous 
soales  growing  from  their  upper  sur¬ 
face,  as  in  the  Catchfly  (Silene) ;  they 
are  in  that  case  said  to  be  crowned  or 
coronate,  and  their  appendage  is  named 
the  corona.  Parts  of  this  nature  are 
not  to  be  confounded  with  abortions  of 
the  stamens,  which  are  extremely  com¬ 
mon,  and  very  like  them,  but  of  an 
essentially  different  nature.  Abortive 
stamens  are  processes  of  a  distinctly 
fleshy  nature,  and  usually  traversed  by 
at  least  one  minute  parcel  of  vessels ; 
mere  processes  of  the  corolla,  on  the 
contrary,  are  nothing  but  membranous 
expansions  of  cuticle,  without  any  dis¬ 
tinct  trace  of  vessels. 

The  office  of  the  floral  envelopes  is 
in  part  to  act  as  a  protection  to  the 
fertilizing  and  fructifying  organs  when 
they  are  young,  and  to  guard  them 
from  sudden  variations  in  temperature, 
by  the  thin  layers  of  air  which  they 
cause  to  be  interposed  between  those 
parts  and  the  atmosphere ;  but  it  is 
also  probable,  that  when  green,  they 
act  like  leaves  as  elaborators  of  food 
upon  which  the  organs  of  reproduction 
may  be  nourished,  and  that  when 
coloured  the  corresponding  change  in 
their  chemical  operation  still  further 
contributes  in  a  special  manner  to  the 
same  end  by  the  conversion  of  crude 
fsecula  secreted  at  their  bases  into  sugar, 
the  superfluous  pa<rts  of  which  flow 
off  in  the  form  of  the  honey,  which 
many  flowers  are  so  well  known  to  yield 
in  considerable  abundance.  For  the 
detailed  evidence  upon  which  this  is 
supposed  to  be  proved,  the  reader  is 
referred  to  Physiology. 

Chapter  XVII.  t 

Of  the  Stamens,  or  Fertilizing 
System. 

The  fertilizing  system,  called  by  many 
modern  writers  the  andrceceum,  con¬ 
sists  of  the  organs  which  are  arranged 
between  the  floral  envelopes  and  the 
pistil,  or  fructifying  system.  Such 
organs  are  technically  named  stamens, 
and  usually  consist  of  two  parts,  viz., 
a  slender  white  stalk  or  filament,  and 
a  yellow  or  brown  head  or  anther.  Of 
these  the  essential  part  is  the  anther, 
the  filament  being  of  no  more  import¬ 
ance  to  the  latter  than  the  foot-stalk 
to  the  leaf. 

An  accurate  idea  of  the  normal  state 


BOTANY. 


39 


of  the  filament  and  anther  may  be 
taken  from  the  Lily.  In  that  plant  the 
filament  is  a  long,  fleshy,  awl-shaped, 
greenish-white  body  (Jig.  50,  a),  the 

Fig.  50. 


most  remarkable  manner  at  the  base, 
where  it  causes  the  filament  to  assume 
the  appearance  of  a  fleshy  scale  (5), 
as  in  Zygophyllum  and  Campanula. 
In  a  state  of  contraction  it.  becomes  a 
mere  thread,  as  in  Grasses ;  and  even 
disappears  altogether  as  in  a  great  va¬ 
riety  of  plants.  It  is  generally  smooth, 
but  in  the  common  Spiderwort  (Trade - 
scantia)  it  is  covered  all  over  in  the 
middle  with  long,  necklace -shaped 
hairs,  arranged  in  a  dense  tuft ;  in  this 
state  it  is  called  stupose  (fig.  51 ,  cl  e). 

Fig.  51. 


surface  of  which  is  furnished  with  sto- 
mates,  and  the  centre  with  a  bundle  of 
vessels.  On  its  point  is  placed  the 
anther  (b  c  d),  which  is  a  narrow,  red¬ 
dish-brown  body,  having  a  deep  furrow 
passing  down  its  longer  diameter,  and 
being  thus  separated  into  two  parallel 
lobes.  The  part  that  unites  the  lobes 
is  a  continuation  of  the  filament,  and 
is  called  the  connective.  Each  lobe, 
before  it  opens,  is  marked  in  front  by  a 
shallow  furrow  which  passes  from  end 
to  end  of  the  lobe,  dividing  it  into  two 
somewhat  equal  parts  (c).  In  course 
of  time  the  sides  of  the  lobe  contract 
and  separate  at  the  last-mentioned  fur¬ 
row,  which  consequently  opens  (b),  and 
allows  a  brownish-orange  powder, 
named  pollen,  to  fall  out ;  the  two  sides 
of  the  lobe  when  they  thus  separate 
are'called  valves,  and  the  furrow  itself 
the  suture  or  line  of  dehiscence.  The 
anther  of  a  Lily,  therefore,  consists  of 
two  parallel  lobes,  united  by  a  connec¬ 
tive,  each  formed  of  two  valves  open¬ 
ing  by  a  longitudinal  suture  and  dis¬ 
charging  pollen.  This  may  be  con¬ 
sidered  typical  of  all  filaments  and  of 
all  anthers.  Both  these  parts  are, 
however,  subject  to  numerous  import¬ 
ant  modifications. 

The  filament  owes  the  chief  differ¬ 
ences  in  its  appearance  to  flattening, 
distension,  or  contraction.  When  ex¬ 
ceedingly  flattened  it  becomes  so  like 
a  petal  that  it  can  only  be  distinguish¬ 
ed  from  that  part  by  its  bearing  an 
anther  (fig.  51,  a  c  A);  this  happens 
in  the  Indian  shot  (Canna),  and  in  a 
less  degree  in  the  white  Water-lily 
'  (Nympheea).  Distension  acts  in  the 


The  anther  is  much  more  variable 
in  its  appearance  than  the  filament, 
and  from  causes  of  a  different  nature. 
In  cases  where  the  lobes  unite  so  as  to 
be  ^indistinguishable,  the  anther  may 
become  absolutely  one-celled  (fig.  52, 
a),  as  in  Epacris,  or  it  may  be  two- 
celled,  without  any  external  indication 
of  that  fact,  as  in  Arum  and  all  its 
allies  ;  or  finally,  the  sutures  may  grow 
by  their  edges  to  the  inside  back  of 
the  cells,  and  so  convert  a  two-celled 
anther  into  one  with  four  cells,  as  in 
the  Ash.  But  if  one  of  the  lobes  of 
the  anther  is  undeveloped,  or  abortive, 
it  may  become  one-celled  from  that 
cause  alone,  as  in  the  Indian  shot 
(fig.  51,  a). 

On  the  other  hand,  a  distension  of 
the  connective  will  produce  very  sin¬ 
gular  anomalies.  Suppose  that  part 
to  spread  right  and  left  without  length¬ 
ening,  as  in  the  Monarda,  the  lobes 
will  be  at  right  angles  with  each  other, 
instead  of  being  parallel ;  and  i'f  they 
should  grow  together  at  their  points 
(fig.  52,  n),  the  anther  itself  will  be¬ 
come  one-celled  from  this  cause,  in 
addition  to  those  before  mentioned,  as 
actually  happens  in  the  Mallow.  Let 
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the  connective  grow  much  beyond  the 
lobes  without  widening,  and  the  horns 
of  the  anther  of  some  Orchideous 
plants,  the  membranous  crest  of  the 
Violet,  or  the  fleshy  crest  of  the  Ginger 
tribe  {Jig.  51,  h)  (Scitamineae),  will  be 
the  result.  A  third  modification  of  the 
appearance  ef  this  organ  may  arise 
from  the  connective  growing  much 
more  on  one  side  than  the  other,  hav¬ 
ing  no  anther  on  the  side  of  excessive 
growth,  and  also  taking  on  that  side  a 
direction  different  from  what  is  habitual 
to  it  in  other  plants.  This  is  particu¬ 
larly  remarkable  in  the  Sage  genus, 
the  anthers  of  which  are  one-celled, 
and  look  as  if  they  rode  upon  a  two- 
legged  body  (the  connective),  which  is 
itself  astride  of  a  slender  fleshy  process 
(the  filament),  See  Jig,  52,  f. 


Fig.  52. 


Occasionally  the  lobes  of  the  anther, 
instead  of  being  parallel  with  one  ano¬ 
ther,  and  at  the  same  time  straight, 
retain  their  parallelism,  but  fold  and 
double  up  upon  themselves ;  and  this 
produces  the  sinuous  appearance  in  the 
anthers  of  a  Gourd  (Jig.  52,  r).  Or, 
finally,  they  may  give  birth  to  processes 
of  different  shapes,  which  give  them  a 
horned  or  spurred,  or  crested  appear¬ 


ance,  as  in  many  plants  of  the  Heath 
tribe  (e  d). 

The  manner  in  which  the  anther 
bursts,  so  as  to  allow  the  pollen  to 
escape,  is  usually  by  an  opening  all 
along  each  suture,  or  line  of  dehiscence ; 
but  if  that  line  will  only  open  at  one 
point  (Jig.  52,  d  pm  t),  as  in  the  Potato, 
the  appearance  of  a  pore  is  the  result ; 
and  such  anthers  are  termed  porous. 
But  in  the  Barberry,  and  the  Sweet 
bay  tree  (Laurus  nobilis),  the  anthers 
are  said  to  open  by  reflexed  valves 
(Jig.  52,  o  q)\  in  those  plants  the  whole 
face  of  each  valve  of  the  anther  comes 
off  from  the  lobes  except  at  the  apex, 
where  it  continues  to  adhere  firmly, 
and  there  contracting,  it  curls  up,  and 
allows  the  pollen  to  drop  out.  In  such 
plants  the  anther,  in  its  young  state,  is 
exactly  like  one  which  finally  opens 
longitudinally  ;  but  it  would  seem  that 
eventually  it  is  unable  to  expel  the 
pollen  by  the  usual  suture,  which  will 
not  give  way  to  the  force  exerted  by 
the  pollen  grains  from  within.  It  is, 
however,  indispensable  that  something 
should  give  way,  and,  consequently, 
the  face  of  the  anther  separates  all 
round,  and  having  separated,  curls  up 
in  consequence  of  the  contraction  of 
all  its  parts. 

In  Mistletoe,  the  mode  in  which  the 
anther  opens  is  altogether  anomalous : 
bursting  when  ripe  by  a  number  of 
holes  which  are  scattered  over  its  whole 
surface  (fig.  52,  s). 

In  their  number  the  stamens  follow 
no  constant  rule;  for  although  it  is 
certain,  as  will  be  hereafter  proved,  that 
their  most  normal  number  is,  in  all 
cases,  the  same  as  that  of  the  seg¬ 
ments  of  the  calyx  or  of  the  corolla, 
yet,  what  with  multiplication,  abortion, 
and  transformation,  they  are  very  often 
extremely  different  from  the  quantity 
of  the  floral  envelopes.  The  only  rule 
that  can  be  said  to  be  fixed  concerning 
them  is,  that  if  they  are  fewer  than  the 
segments  of  the  calyx  or  corolla  taken 
separately,  the  difference  is  owing  to  a 
part  of  them  being  abortive  or  trans¬ 
formed  ;  and  if  there  is  more  than  the 
segments,  they  are  always  in  that  case 
some  multiple  of  the  number  of  the 
latter,  unless  in  consequence  again  of 
transformation  or  multiplication.  For 
illustration  of  this  position  the  reader 
is  referred  to  Chapter  XXV. 

The  stamens  sometimes  grow  to  one 
another,  or  to  neighbouring  parts,  by 
both  which  circumstances  their  true 
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character  is  more  or  less  masked.  In 
the  Mallow,  the  filaments  of  a  great 
many  stamens  grow  together  into  a 
tube,  and  are  called  monadelphous ;  in 
the  Pea,  they  grow  into  two  unequal 
parcels,  and  are  diadelphous ;  in  the 
Tutsan  (Hypericum),  they  grow  into 
several  parcels,  and  are  called  poly¬ 
adelphous.  In  common  Groundsel 
(Senecio  vulgaris),  Lobelia,  and  many 
others,  the  anthers  unite  to  each  other 
by  their  edges,  and  are  called  syngene- 
sious.  And  in  Birthwort  (Aristoloehia), 
and  the  Orchis  tribe,  anthers, filaments, 
styles,  and  stigmas  become  all  consoli¬ 
dated  and  confounded  in  one  central 
body,  named  the  column ;  plants  with 
this  remarkable  structure  are  said  to 
be  gynandrous. 

In  addition  to  adhesions  of  this  sort, 
there  is  another  class,  of  which  great 
use  is  made  in  systematic  botany.  In 
the  normal  state  of  a  flower,  the  sta¬ 
mens  arise  from  the  angle  formed  be¬ 
tween  the  base  of  the  calyx  or  corolla, 
and  the  ovary  (Jig.  53,  a),  and  are  then 
said  to  be  hypogynous ;  but  in  the 
Plum,  the  stamens  grow  by  their  lower 
end  to  the  side  of  the  tube  of  the  calyx, 
only  separating  from  it  at  the  line 
where  the  petals  arise;  they  are  then 
called  perigynous  (b) ;  and  in  the 
Myrtle  they  not  only  grow  thus  to  the 
side  of  the  tube  of  the  calyx,  but  also  to 
t  he  face  of  the  ovaiy,  and  join  those  two 
parts  into  one  body :  from  this  cause 
they  look  as  if  they  grew  upon  the  top 
of  the  ovary,  and  are  said  to  be  epigy- 
nous  (c). 


Pollen. — The  pollen  (fig.  54),  which 
to  the  naked  eye  looks  like  very  fine 
dust,  is  the  most  curious  and  most 
varied  part  of  vegetation.  It  consists 
of  a  prodigious  multitude  of  little  grains, 
whose  figure  is  generally  uniform  in  the 
same  species,  but  which  have  some 
hundred  modifications  of  form  in  dif¬ 
ferent  species,  and  which  vary  in  size 
from  the  5uth  to  the  5j^th  of  a  line  in 
diameter.  Most  of  their  forms  are  re¬ 
ducible  to  the  spheroidal  and  the  tri¬ 
angular,  but  some  are  oval,  as  in  the 
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majority  of  Umbelliferous  plants  (fig. 
54,  l),  and  others  polyhedral,  as  in  some 
Compound  flowers.  The  grains  of  pollen 
are  most  commonly  single,  but  in  many 
Acacias  they  are  clustered  in  little 
round  balls  (m),  and  in  Orchideous 
plants  in  threes  or  fours ;  their  surface 
is  for  the  most  part  smooth,  but  many 
are  hairy  or  bristly,  or  covered  with 
little  tubercles  symmetrically  arranged. 
Occasionally  there  are  circular  spaces 
upon  the  surface  which  open  like  little 
lids  when  the  contents  of  the  pollen- 
grain  are  discharged,  as  in  the  Passion¬ 
flower  (h). 

Fig .  54. 
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In  some  species,  such  as  many  of 
the  Orchis  tribe,  and  all  Asclepiadeous 
plants,  the  pollen  falls  in  mass  from 
out  of  the  anther,  the  grains  adhering 
to  one  another  in  different  ways.  In 
the  Orchis,  they  are  collected  into 
wedges,  which  stick  to  a  central  elastic 
thread;  in  Neottia  they  are  joined  im¬ 
perfectly  in  threes  and  fours,  and 
united  by  an  elastic  web;  and  in 
Malaxis  they  form  a  solid,  homogene¬ 
ous  substance,  of  a  waxy  texture.  In 
Asclepiadeous  plants  they  are  collected 
within  a  bag  which  appears  to  be  the 
lining  of  the  anther  separated  from  the 
valves. 

The  shell  of  the  pollen-gjrain  seems 
from  the  best  modern  authorities  to 
consist  of  two  layers,  the  external  thick, 
fleshy,  and  cellular,  the  internal  very 
thin,  membranous,  and  extensible.  Of 
these  the  external  has  often  apertures 
at  its  angles  through  which  the  inner 
membrane  projects  in  a  slight  degree, 
from  which  cause  the  angles  appear 
semi-transparent  when  the  pollen  is 
magnified  and  viewed  in  water  by 
transmitted  light.  In  those  cases  in 
which  only  one  membrane  is  present,  it 
is  said  that  it  is  the  interior,  and  that  in 
such  instances  no  trace  of  aperture  is 
visible. 

The  structure  of  the  pollen,  in  con¬ 
sequence  of  the  excessive  minuteness 
of  the  parts,  is  not  to  be  seen  without 
much  difficulty ;  but  Dr.  Fritzsche,  a 
young  Prussian  botanist,  has  lately 
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shown  that  it  may  be  observed  with 
greater  facility  than  was  before  sup¬ 
posed  by  examining  the  grains  in  a 
liquid  composed  of  two  parts  of  concen¬ 
trated  sulphuric  acid  and  three  parts 
of  water.  By  this  means,  the  external 
coating  of  the  pollen  is  rendered  tran¬ 
sparent,  the  matter  within  it  is  coagu¬ 
lated,  and  partially  forced  out,  through 
t  he  apertures,  in  the  form  of  long  intes¬ 
tine-like  sacs,  which  are  called  pollen- 
tubes.  This  phenomenon  occurs  spon¬ 
taneously  when  the  grains  of  pollen 
have  fallen  for  a  few  hours  upon  the 
stigma,  and  it  is  through  such  intes- 
tine-like  sacs  that  the  fertilizing  mat¬ 
ter  is  ejected  from  the  pollen-grain 
into  the  conducting  portion  of  the 
tissue  of  the  stigma. 

The  matter  which  is  ejected  appears, 
under  a  microscope  of  low  power,  to  be 
merely  a  turbid  fluid,  denser  than  the 
water  into  which  it  is  discharged ;  upon 
magnifying  glasses  of  sufficient  power 
being  applied,  the  turbid  fluid  is  found 
to  consist  of  oblong  particles  about  the 
smooth  of  an  inch  in  diameter,  and  sphe¬ 
roidal  molecules  varying  in  size  from 
the  -rj^ooth  to  the  smooth  of  an  inch  in 
diameter,  according  to  the  computation 
of  Mr.  Dollond.  These,  when  floating 
in  water,  are  in  active  motion,  each  re¬ 
volving  upon  its  own  axis,  and  the 
larger  kind  having  often  a  sort  of 
spasmodic  contraction  of  the  side.  It 
is  a  general  belief  that  these  larger 
particles  are  the  rudiments  of  em¬ 
bryos,  and  that  the  effect  of  fertiliza¬ 
tion  is  to  convey  one  of  them  into  the 
ovule ;  but  there  is  not,  and  probably 
from  the  nature  of  things  never  can  be, 
any  proof  of  the  correctness  of  this  opi¬ 
nion.  Fritzsche,  however,  asserts  that 
the  particles  are  nothing  but  grains  of 
amylaceous  matter,  or  globules  of  oil, 
and  denies  their  having  anything  to  do 
with  fertilization.  It  may,  however,  be 
observed,  that  supposing  them  to  be 
grains  of  amylaceous  matter,  yet  as 
they  are  of  definite  and  regular  form, 
and  have  a  specific  motion,  it  is  by  no 
means  improbable  that  nature  may 
have  destined  them  to  perform  the  im¬ 
portant  action  that  is  ascribed  to  them. 
Amylaceous  matter,  in  a  dead  state, 
ought  not  to  be  confounded  with  the 
same  substance  imbued  with  the  living 
principle,  which  takes  it  beyond  the 
ordinary  laws  of  chemical  action,  and 
gives  it  powers  of  a  special  nature. 
Nor  is  it  to  be  admitted  that  the  par¬ 
ticles  of  the  pollen-fluid  cannot  be 


destined  to  act  as  a  fertilizing  power, 
because  grains  apparently  of  the  like 
nature  taken  from  parts  having  no 
fertilizing  action,  will  move,  as  it  were, 
spontaneously  when  suspended  in 
water;  as,  for  instance,  the  particles 
of  which  the  ovary  of  wheat  consists. 
For  in  bodies  so  infinitely  small  as 
those  in  question,  nothing  is  revealed 
by  the  microscope  beyond  their  ex¬ 
ternal  form,  and  no  one  can  say  that 
bodies  which  seem  under  the  micro¬ 
scope  to  be  identical,  would  not,  in  fact, 
be  found  to  be  entirely  different  if  it 
were  possible  to  perceive  their  struc¬ 
ture  more  distinctly. 


Chapter  XVIII. 

Of  the  Pistil,  or  Fructifying  System. 

\ 

The  fructifying  system,  or  gynce- 
ceum,  occupies  the  centre  of  a  flower, 
and  is  the  part  round  which  all  the 
other  parts  are  arranged;  it  is  gene¬ 
rally  called  the  pistil. 

The  pistil  consists  of  certain  compo¬ 
nent  parts  called  carpels,  which  are 
either  distinct  from  each  other,  as  in 
the  Strawberry  (fg.  55,  a),  or  all  grown 
together  into  one  body,  as  in  the  Rho¬ 
dodendron  (fg.  55,  b) ;  or  if  the  pistil 
consists  of  but  one  carpel  as  in  the 
Cherry,  then  the  terms  pistil  and  carpel 
have  the  same  meaning. 


Fig.  55. 


A  carpel  consists  of  ovary  and  ovules, 
style  and  stigma  (fig.  56).  The  ovary 
is  the  lower  portion  (fig.  56,  b),  which 
is  hollow,  rounded  at  the  back  next  the 
calyx,  and  sharp  at  the  opposite  edge, 
within  which  is  a  double  line  corre¬ 
sponding  with  an  external  suture,  and 
called  the  placenta.  The  ovary  tapers 
upwards  into  a  slender  horn  or  thread, 
called  the  style,  and  on  the  point  of 
that  organ  there  is  a  humid  space,  des¬ 
titute  of  cuticle,  and  usually  a  little, 
sometimes  very  much,  distended,  which 
is  the  stigma  (a).  Of  these  parts  the 
ovary  and  stigma  are  present  in  all 
carpels,  but  the  style  is  not  more  essen¬ 
tial  than  the  footstalk  to  the  leaf. 
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Pig.  56. 


The  part  from  which  the  ovules  ori¬ 
ginate,  consisting  of  an  excrescence, 
more  or  less  considerable,  of  the  united 
edges  of  the  carpel,  is  what  has  been 
called  th z  placenta.  Sometimes  it  bears 
but  a  single  ovule,  more  frequently  two, 
and  generally  a  greater  number ;  in 
many  cases  it  is  scarcely  visible  except 
in  consequence  of  the  ovules  growing 
out  of  it,  but  most  commonly  it  has 
distinctly  a  fungous  appearance,  and 
very  often  is  of  considerable  size,  as  in 
the  Primrose  and  the  Lychnis  dioiea. 
We  shall  see,  as  we  proceed,  that  it  is 
an  organ  of  great  importance. 

All  the  principal  modifications  of 
pistil  with  which  we  are  acquainted 
are  produced  by  the  various  modes  in 
which  the  carpels  are  joined  or  ar¬ 
ranged,  or  by  the  state  of  the  growing 
point  round  which  they  are  placed. 

When  one  carpel  only  is  present,  as 
in  the  cherry,  the  pistil  is  simple  ;  but 
if  more  than  one  carpel  is  found  in  the 
same  flower,  it  is  compound.  Supposing 
its  constituent  carpels  to  be  separate 
from  one  another  either  entirely,  or  to 
a  considerable  degree,  the  pistil  is 
called  apocarpous  (Jig.  55,  a),  as  in  the 
Crowfoot  (Ranunculus),  the  Rose,  the 
Aconite,  &c.;  but  if  the  carpels  grow 
completely  together,  the  pistil  is  syncar- 
pous,  as  in  the  Arbutus,  the  Lilac,  the 
Chiekweed,  &c.  (Jig.  55,  b). 

In  the  disjoined  state  of  the  carpels, 
there  are  few  states  of  the  pistil  that 
deserve  to  be  pointed  out,  except  such 
as  result  from  an  enlargement  or 
hardening  of  the  growing  point  round 
which  the  carpels  are  placed. 

The  nature  of  the  growing  point  in 
a  leaf-bud  has  been  already  explained ; 
see  page  19.  In  a  flower-bud  it  has 


usually  no  power  of  extension ;  for  the 
act  of  forming  the  floral  organs  seems 
in  general  to  paralyze  the  central  tissue, 
and  to  render  it  incapable  of  further 
development ;  and  consequently  the 
carpels  are  usually  the  absolute  ter¬ 
mination  of  the  axis  of  growth.  But 
in  some  cases,  after  the  carpels  are 
formed,  a  partial  tendency  to  develop 
is  manifest,  and  the  central  substance 
rises  up  between  the  carpels,  disjoining 
them,  and  sometimes  extending  far 
beyond  them  (fig.  57,  c ).  Thus  in  the 
Strawberry  this  power  of  extension 
produces  a  succulent  receptacle,  which 
bears  the  carpels  scattered  over  its 
surface ;  in  the  Geranium  it  projects 
beyond  the  carpels,  growing  to  their 
styles  in  the  shape  of  a  hardened  beak ; 
in  the  Rue  it  forms  a  central  column, 
which  is  not  very  visible  till  the  fruit 
is  ripe;  and  finally  in  the  Nelumbium 
(fig.  5  7,  d)  it  rises  up  about  the  car¬ 
pels,  and  forms  a  sort  of  hemispherical 
disk  in  which  they  are  immersed.  When 
it  is  succulent  and  belongs  to  a  greater 
number  of  carpels  than  five,  it  is  called 
torus,  or  receptacle;  but  when  it  has 
five  carpels,  or  a  smaller  number,  placed 
regularly  round  it,  and  finally  separat¬ 
ing  from  it,  and  from  each  other,  when 
ripe,  it  is  called  a  gynobase  (jig.  5  7, 
a  b). 

Fig.  57. 


An  idea  of  the  manner  in  which  the 
appearance  of  the  pistil  is  modified  by 
the  number  of  carpels  that  form  it  by 
their  union,  will  be  best  obtained  by 


44  BOTANY. 


first  considering  the  effect  of  two  being 
completely  combined.  Let  fig.  58,/, 
represent  two  carpels  placed  opposite 
each  other,  but  distinct,  each  having 
its  own  style  and  stigma;  then  the 
fig-  g  will  represent  the  appearance  of 
a  transverse  section  of  them,  with  the 
two  placentas  pointing  towards  each 
other.  Also  let  fig.  58,  a,  represent  a 
pistil  formed  of  two  carpels  combined, 
and  b  the  transverse  section  of  the  same. 
It  will  then  be  obvious  that  the  style 
and  stigma  of  a,  although  apparently 
simple,  are,  in  fact,  composed  of  two 
styles  and  two  stigmata  grown  to  each 
other  throughout  their  whole  length, 
and  that  the  ovary  of  a  is  in  like  man¬ 
ner  made  up  of  two  ovaries  complete 

Fig.  58. 


in  all  their  parts.  It  will  further  be 
apparent  that  the  partition  which 
divides  the  cavity  of  the  ovary  b  into 
two  equal  parts,  consists  in  part  of  the 
face  of  the  right  hand,  and  in  part  of  that 
of  the  left  hand  carpel  at  a  and/,  and  is 
consequently  organically  double,  how¬ 
ever  simple  it  may  appear  to  the  eye 
to  be.  The  placenta  also  at  b,  although 
seemingly  simple,  must  in  like  manner 
be  composed  of  the  placentas  of  two 
carpels. 

Now  if  we  exchange  a  pistil  formed 
of  two  carpels  for  one  into  the  compo¬ 
sition  of  which  five  enter  upon  a  similar 
principle,  we  shall  have  an  ovary  with 
five  cells,  five  dissepiments,  and  five 
placentas  united  into  one  in  the  centre. 

If  we  consider  the  relation  which 
these  parts  bear  to  each  other,  it  will 
be  apparent  that  as  the  dissepiments 
are  formed  by  the  sides  of  carpels,  and 
as  the  stigmata  are  the  termination  of 
thebacks  of  the  latter,  the  stigmas  must 


of  necessity  be  placed  in  all  cases  of 
normal  structure  between  the  dissepi¬ 
ments,  or  alternate  with  them.  Hence 
it  is  an  axiom  in  structural  botany  that 
no  partition  in  an  ovary  is  a  genuine 
dissepiment,  unless  it  bears  this  relation 
to  the  stigmata,  and  that  all  others  are 
spurious ;  and  moreover,  that  all  true 
dissepiments  must  radiate  from  a  com¬ 
mon  centre  in  a  direction  parallel  to 
the  stalk  of  the  ovary.  So  that  such 
vertical  partitions  as  are  met  with  in 
the  ovary  of  Amelanchier  and  Astra¬ 
galus,  proceeding  from  the  back  or 
front  of  the  cell,  opposite  the  stigma, 
or  as  occur  horizontally  in  the  fruit  of 
Cathartocarpus  fistula,  are  not  called 
dissepiments,  but  have  the  technical 
name  of  phragmata. 

The  only  exceptions  that  can  possi¬ 
bly  occur  to  this  law  of  the  relation 
borne  by  the  dissepiments  to  the  axis 
and  to  the  stigmas,  is  in  cases  where 
more  rows  than  one  of  carpels  grow 
together.  When  this  happens  upon 
the  same  plane,  the  outer  row  grows 
by  the  place ntiferous  face  of  each  car¬ 
pel  to  the  back  of  the  carpels  of  the 
inner  row,  as  at  fig.  58,  e,  and  then 
new  dissepiments  are  produced  at  right 
angles  with  the  common  radiating  ones. 
But  if  two  rows,  which  arise  from  two 
different  planes,  adhere  to  each  other, 
the  position  of  the  parts  will  become,  as 
at  fig.  58,  c,  so  oblique,  that  genuine 
horizontal  dissepiments  will  be  the  re¬ 
sult.  This  has  been  shown  by  Dr. 
Bindley  to  be  the  explanation  of  the 
curious  structure  of  the  Pomegranate. 

Although,  from  what  precedes,  it 
would  seem  to  follow  that  all  pistils 
consisting  of  more  carpels  than  one 
grown  together  should  contain  cells 
separated  by  true  dissepiments,  yet 
this  rule  is  sometimes  deviated  from 
in  consequence  of  certain  special  modi¬ 
fications  ofthe  usual  manner  of  growth. 
Suppose  the  constituent  carpels  of  a 
syncarpous  pistil  not  to  be  closed  up 
at  the  edge  which  bears  the  placentae, 
but  to  be  partially  opened,  and  yet  to 
grow  together  where  they  touch;  they 
would,  in  such  a  case,  form  what  is 
called  a  one-celled  pistil.  With  parietal 
placentae  (fig.  59,  a),  in  which  the 
sides  of  the  carpels  only  project  from 
the  inside  of  the  pistil  into  its  cavity, 
without  meeting  in  the  centre :  this 
happens  in  the  Poppy,  and  many  other 
plants.  Or  it  may  occur  that  a  pis¬ 
til,  originally  ofthe  most  normal  struc¬ 
ture,  may  assume  an  anomalous  ap- 
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pearance  after  a  certain  period,  in  con¬ 
sequence  of  an  inequality  in  the  rate 
at  which  its  different  parts  may  grow. 
Thus,  in  what  are  called  Caryophylleous 
plants,  such  as  the  Lychnis  dioica,  the 
Mouse-ear  chickweed  (Cerastium),  &c., 
the  pistil,  when  very  young,  has  several 
cells,  separated  by  complete  dissepi¬ 
ments,  and  joining  in  the  middle  by 
their  respective  placentas.  But  after  a 
time  the  dissepiments  lose  all  power  of 
growing,  while  the  placentas  expand, 
and  the  shell  of  the  ovary  increases 
steadily  in  dimension ;  in  consequence 
of  this  the  dissepiments  are  ruptured 
by  the  opposing  strain  of  the  placentas 
on  the  one  hand,  which  will  not  sepa¬ 
rate,  and  of  the  shell  of  the  ovary  on  the 
other,  or,  in  other  words,  of  the  back  of 
the  carpels,  which  are  compelled  to 
spread  away  from  the  centre  by  the 
addition  that  is  constantly  making  to 
their  dimensions  in  every  direction ;  the 
circumference  of  such  a  pistil  is  per¬ 
petually  pulling  against  the  centre,  and 
as  the  dissepiments  will  neither  grow 
nor  stretch,  they  must  necessarily  be 
rent  in  twain  (fig.  59,  b).  From' this 
results— 1.  if  the  placentae  grew  along 
the  whole  length  of  the  inner  edge  of 
the  carpels,  a  free  central  placenta,  as 
in  Lychnis  (fig.  59,  b) ;  or  2.  if  they 
appeared  only  at  the  base  of  the  inner 
edge  of  the  carpels,  a  free  basal  pla¬ 
centa,  as  in  the  Tamarisk  (fig.  59,  c). 

Fig.  59. 
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Instances  of  this  kind  serve  to  show 
the  student  of  botany,  that  the  most 
singular  anomalies  of  structure  are 
susceptible  of  easy  explanation  if  at¬ 
tention  is  steadily  fixed  upon  first 
principles ;  and  that  it  is  highly  un- 
philosophical  to  suppose  that  the  sim¬ 
plicity  of  design  which  is  so  generally 
manifested  in  the  works  of  nature,  is 
departed  from  in  certain  special  cases, 
merely  because  we  may  be  unable 
rightly  to  -understand  them  without 
reflection. 

There  are  few  modifications  of  the 
style  which  are  worth  noticing,  except 
such  as  are  caused  by  its  distension  in 


one  direction,  when  it  becomes  petal¬ 
like,  or  in  all  directions  when  it  is  club- 
shaped  and  massive.  In  the  Iris  is  one 
of  the  most  remarkable  instances  of  its 
assuming  the  appearance  of  a  petal; 
and  Indian  shot  (Cauna)  affords  ano¬ 
ther.  In  Asclepias,  Stapelia,  Tupistra, 
and  others,  it  becomes  succulent,  and 
acquires  a  fungus-like  appearance. 

The  stigma  is  subject  to  similar  alter¬ 
ations,  but  in  a  much  less  degree,  and 
it  is  probable  that  many  anomalous 
forms  referred  by  botanists  to  the  stigma 
really  belong  to  the  style.  Some  of  its 
most  singular  states  are  the  following : 
— in  Rhubarb  (Rheum)  it  forms  three 
flat  orbicular  disks,  in  Dock  (Rumex) 
as  many  fringed  round  tassels,  and  in 
Grasses  a  tufted  hairy  body  like  the 
brushes  with  w'hich  holy  water  is  scat¬ 
tered  about  in  Catholic  chinches.  In 
the  Poppy  the  stigmas  collect  into  a 
star-like  body,  crowning  the  top  of  the 
ovary;  in  theHeart’s-ease  it  is  a  hollow 
globe  with  a  small  aperture  on  one 
side;  in  the  Monkey  flower  (Mimulus) 
it  consists  of  two  membranous  lips 
which  have  the  power  of  contraction 
when  irritated,  and  in  Clarkia  it  con¬ 
sists  of  four  broad  white  petal-like 
lobes.  In  Orchideous  plants  it  is  an 
oval  humid  space  hollowed  out  of  the 
face  of  the  central  column  of  those 
plants,  and  in  general  it  has  a  surface 
which  is  covered  with  a  clammy  or 
gluey  secretion  ;  this  is  no  doubt  a 
provision  for  enabling  it  to  retain  the 
pollen  grains  when  they  fall  upon  it  ; 
when  it  has  not  such  a  contrivance,  it 
is  covered  over  with  long  finger-like 
processes,  in  which  the  pollen  is  en¬ 
tangled,  as  in  Grasses,  & c.  There  are, 
however,  some  plants  in  which  the  sur¬ 
face  of  the  stigma  is  undistinguishable 
from  that  of  the  style,  as  in  Birthwort 
(Aristolochia),  Asclepiadeous  plants, 
and  Tupistra. 

Generally  the  stigma  is  undivided, 
and  consequently  the  number  of 
stigmas  indicates  the  number  of  carpels 
of  which  a  syncarpous  pistil  consists. 
But  this  mark  is  not  always  to  be 
trusted;  for  in  most  Euphorbiaceous 
plants  the  stigma  of  each  carpel  is 
divided  into  two  deep  lobes,  and  in 
Grasses,  the  pistil  of  which  is  perfectly 
simple,  there  are  uniformly  two  stigmas 
some  distance  apart  at  the  base.  It  is 
important  that  this  should  be  well  con¬ 
sidered  by  those  who  are  engaged  in 
the  study  of  vegetable  structure;  for 
it  will  sometimes  offer  an  easy  solution 
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of  what  may  at  first  appear  a  most 
difficult  problem.  For  instance,  Cruci¬ 
ferous  plants  have  their  stigmas  appa¬ 
rently  opposite  the  placentas ;  Dr. 
Lindley  has  attempted  to  explain  this 
away  by  assuming  that  the  structure  of 
the  pistil  of  such  plants  is  in  reality 
much  more  complicated  than  it  seems 
to  be  ;  but  Dr.  Brown,  on  the  contrary, 
finds  a  simpler  and  apparently  a  more 
probable  explanation  in  the  original 
two-lobed  structure  of  the  stigma  of 
Cruciferse. 

Chapter  XIX. 

Of  the  Ovule. 

To  the  naked  eye  the  ovule  is  an  oval 
grain  with  a  mother-of-pearl  colour, 
and  seems,  when  crushed,  to  be  sim¬ 
ply  a  bag  of  gelatinous  matter ;  but  in 
reality  it  is  an  organ  whose  structure  is 
by  no  means  so  simple.  It  consists  of 
a  central  part,  called  the  nucleus ,  over 
which  are  placed  one,  two,  three,  or 
four  membranes,  called  from  their  posi¬ 
tion  the  primine,  secundine,  tercine, 
and  quartine,  the  primine  being  the 
most  external.  All  these  are  pierced, 
at  the  part  which  corresponds  with  the 
point  of  the  nucleus,  with  a  hole  called 
the  foramen  (Jig.  60,  a),  so  that  the  point 
of  the  nucleus  is  freely  exposed  to  ex¬ 
ternal  influence.  It  is  believed  that  the 

Fig.  60. 


a 


fertilizing  influence  of  the  pollen,  of 
whatever  nature  it  may  be,  is  here  in¬ 
troduced  ;  for  it  is  uniformly  found  that 
the  rudiment  of  an  embryo  first  appears 
at  the  point  of  the  nucleus ;  and,  in 
fact,  the  foramen  of  the  ovule  may  be 
taken  with  perfect  confidence  as  the 
situation  of  the  future  radicle  of  the 
embryo ;  a  point  of  no  inconsiderable 
importance  in  systematic  botany. 
Although  the  ovule  is  in  some  cases 
furnished  with  the  four  integuments 
just  mentioned,  to  which  a  fifth,  the 
quintine,  or  immediate  coat  of  the  nu¬ 
cleus,  has  to  be  added,  yet  in  the  majo- 
'  rity  of  cases  the  primine,  secundine, 


and  tercine  are  all  that  can  be  detected, 
and  even  one  of  these  is  absent  in  the 
Alder  and  its  allies,  whose  ovules  have 
only  a  primine  and  a  coat  to  the  nu¬ 
cleus.  These  facts  have  been  eluci¬ 
dated  chiefly  by  the  careful  investiga¬ 
tions  of  Brown  and  Mirbel. 

The  situation  of  the  foramen  is 
always  at  a  very  early  period  of  the 
growth  of  the  ovule  at  the  apex  ;  and 
in  many  ovules  it  subsequently  remains 
there ;  but  in  the  majority  of  plants 
the  ovule  bends  down  upon  itself,  and 
gradually  brings  its  apex  down  to  its 
base,  when  the  foramen  becomes  con- 

Fig.  61. 


tiguous  to  the  point  of  insertion  of  the 
ovule.  This  is  particularly  well  seen 
in  the  gourd  tribe,  whose  changes  from 
a  very  early  state,  when  the  ovule  is  a 
mere  pulpy  tubercle,  to  its  perfect 
condition,  are  easily  followed,  and 
have  been  admirably  illustrated  by 
Mirbel.  Fig.  6 1  represents  this :  a  a 
are  two  very  young  ovules  in  their  ori¬ 
ginal  state ;  b  b  are  the  same  grown 
older,  with  the  foramen  just  appearing; 
c  is  one  of  them  with  its  three  coats 
fully  formed  and  half  bent  down  upon 
itself;  d  shows  the  further  change 
when  the  ovule  has  actually  become 
inverted  in  consequence  of  the  bend¬ 
ing  down  being  accomplished  ;  and  e 
represents  the  ovule  in  its  perfect  state, 
when  ready  to  be  fertilized. 

It  appears  probable  that  the  different 
stations  of  the  foramen  upon  the  sur¬ 
face  of  the  ovule  are  closely  connected 
with  the  peculiar  manner  in  which, 
from  the  structure  of  other  parts,  the 
phenomenon  of  fertilization  takes  place 
in  different  species  of  plants 

The  position  of  the  ovule,  with  re¬ 
gard  to  the  ovary,  is  erect  when  it  rises 
from  the  verybaseof  thecavity ;  ascend¬ 
ing  when  it  originates  a  little  above 
the  base ;  pendulous  when  it  hangs  from 
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the  very  apex;  suspended  when  it  is 
hung  up  as  it  were  from  a  little  below 
the  apex ;  and  finally,  horizontal  or  pel¬ 
tate  when  it  is  attached  by  its  middle  to 
the  middle  of  the  placenta. 

Further,  ovules  are  said  to  be  definite 
when  their  number  is  uniform  and  easily 
counted ;  and  indefinite,  if  their  number 
is  uncertain  and  too  great  to  be  cor¬ 
rectly  counted. 

Chapter  XX. 

Of  the  Dish. 

This  name  is  given  to  a  body  which 
arises  from  the  base  of  the  ovary  in  the 
form  of  a  ring,  or  of  scales,  or  glands, 
or  of  a  sort  of  cup.  It  is  almost  always 
fleshy,  and  seems  in  most  cases  to 
secrete  honey. 

In  the  Orange,  it  is  a  yellowish  fleshy 
ring  (fig.  62,  a) ;  in  the  alpine  Scull- 
cap  (Scutellaria)  (fig.  62,  h),  it  is  a 
thick  scale  placed  on  one  side  of  the 
ovary  ;  in  the  Mignionette  (Reseda),  it 
is  a  broad  hairy  plate,  out  of  which  the 
ovary  arises  ;  in  Grasses  it  is  two  mi¬ 
nute  hypogynous  scales ;  in  the  tree 
Paeony  it  is  a  purple  cup,  which  covers 
the  pistil  all  over  except  the  stigmas 
(fig.  62,  c) ;  and  in  the  Cherry  it  forms 
a  thick  shining  lining  to  the  tube  of 
the  calyx.  Besides  which,  it  is  fou-nd 
under  other  forms. 


It  is  probable  that  this  organ  is,  in 
all  cases,  a  rudimentary  state  of  some 
undeveloped  stamens  ;  and  that  it  is  al¬ 
together  of  a  different  nature  from  the 
torus  (see  p.  43)  with  which  it  is  gene¬ 
rally  confounded.  That  such  is  its 
real  nature,  seems  to  be  proved  by  these 
circumstances :  that  in  some  Meliaceous 
plants,  such  as  Turraea  pinnata,  it  is 
exactly  like  an  external  cup,  which 
bears  the  stamens,  and  is  manifestly 
produced  by  the  juncture  of  their  fila¬ 
ments  ;  that  in  Scitamineous  plants  its 
parts  occupy  the  place  of  certain  sta¬ 
mens  which  are  not  to  be  found  in  the 
place  where  they  ought  to  be  stationed 


in  a  case  of  regular  structure ;  and  that 
in  the  tree  Paeony  it  has  actually  been 
seen  with  an  anther  growing  upon  it. 

Chapter  XXI. 

Of  the  Fruit. 

The  fruit  of  a  plant  is  the  fertilized 
ovary  arrived  at  maturity,  and  conse¬ 
quently  both  organs  must  have  the 
same  structure  in  all  their  more  essen¬ 
tial  points  ;  for  the  plan  upon  which 
the  ovary  is  to  be  constructed  is  finally 
determined  at  the  period  when  fertili¬ 
zation  takes  place,  and  all  that  hap¬ 
pens  to  it  afterwards  is  an  enlargement 
and  hardening  or  softening  of  its  parts, 
together  with,  in  some  instances,  a  sup¬ 
pression  of  one  portion  by  the  excessive 
growth  of  the  adjacent  portions  ;  or  in 
other  instances  by  the  addition  of  some¬ 
thing  which  only  existed  in  a  rudimen¬ 
tary  state  at  the  period  of  fertilization. 
A  few  instances  will  serve  to  show  how 
this  happens.  In  the  Oak  the  ovary  has 
three  cells,  in  each  of  which  there  are 
two  ovules  ;  in  the  acorn,  which  is  the 
fruit  of  the  oak,  there  is  only  one  seed 
and  one  cell:  here  two  cells  and  five 
ovules  are  destroyed  by  the  exclusive 
growth  of  one  ovule.  In  the  ovary  of 
the  Sweet  chestnut  (Castanea)there  are 
seven  cells  with  two-  ovules  in  each; 
the  ripe  fruit  consists  of  but  one  cell 
and  one  seed,  so  that  in  this  instance 
no  fewer  than  six  cells  and  thirteen 
ovules  are  suppressed,  in  order  to  enable 
a  single  ovule  to  grow  and  be  matured. 
Another  common  instance  in  which  a 
variation  exists  between  the  ovary  and 
the  mature  fruit,  but  from  a  different 
cause,  occurs  in  the  genus  Astragalus, 
of  which  the  ovary  is  absolutely  one- 
celled,  but  the  fruit  two-celled ;  an  ex¬ 
tension  of  the  back  of  the  cell,  subse¬ 
quent  to  fertilization,  projecting  for¬ 
ward  into  the  cavity,  and  touching  the 
placenta,  is  the  cause  of  this.  But  one 
of  the  most  remarkable  deviations  from 
original  structure  has  been  described  in 
the  Botanical  Register,  t.  934,  in  the  fruit 
ofa  genus  called  Martynia.  The  author 
says  that  its  fruit  had  been  always  de¬ 
scribed  as  four-celled,  but  that  upon  a 
careful  examination  of  the  ovary,  it  will 
be  found  that  the  fruit,  in  that  stage 
(fig.  63,  a),  is  neither  four-celled,  nor 
even  two-celled,  but  consists  of  only 
one  cell,  traversed  by  two  projecting 
parietal  placentae,  each  of  which  is  two- 
lobed,  the  lobes  dividing  at  right  angles 
from  their  point  of  separation,  and 
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bearing  on  their  edges  a  few  horizontal 
ovules,  of  which  part  project  into  the 
open  centre  of  the  ovary,  and  the  others 

Fig.  63. 


into  the  cavity  between  the  placenta, 
and  the  lining  of  the  ovary.  Now,  the 
fruit  (fig.  63,  b )  differs  from  the  ovary 
in  no  essential  point  of  structure  ;  but 
the  following  changes  take  place :  the 
shell  of  the  ovary  and  the  placentas 
become  hard  and  woody ;  the  inner 
faces  of  the  latter  become  pressed  toge¬ 
ther,  so  as  to  destroy  the  ovules  which 
were  placed  between  them,  and  to  ex¬ 
hibit  the  appearance  of  a  dissepiment 
of  two  plates ;  and  the  remaining  ovules 
become  pendulous  and  reduced  in  num¬ 
ber,  mature  in  the  form  of  large  wing¬ 
less  seeds  between  the  inner  edge  of  the 
lateral  lobes  of  the  placenta  and  the 
shell  of  the  fruit.  To  this  we  may  add 
that  in  a  genus  called  Pretrea,  nearly 
related  to  Martynia,  the  lateral  lobes  of 
the  ovary  actually  grow  to  the  shell 
where  they  touch  it  (fig.  63,  c),  and  to 
each  other  in  the  middle,  so  that  an 
ovary  of  one  cell  becomes  changed  by 
adhesions  into  a  fruit  of  six  cells. 
These,  and  there  are  multitudes  of 
similar  instances,  ought  to' teach  the 
young  botanist  never  to  hope  to  under¬ 
stand  the  true  structure  of  the  fruit  of 
a  plant,  without  having  recourse  to  the 
anatomy  of  its  ovary  ;  for  plants  are 
perpetually  in  a  state  of  masquerade, 
which,  to  the  eyes  of  those  who  do  not 
know  the  value  of  a  rigid  observance  of 
first  principles,  must  be  impenetrable. 


Having  premised  thus  much  con 
cerning  the  general  nature  of  the  tran¬ 
sitions  from  ovary  to  fruit,  we  proceed 
next  to  some  observations  upon  the 
normal  condition  of  the  latter  organ. 

Its  shell  is  what  botanists  call  the 
pericarp;  tliis  part  is  usually  homo¬ 
geneous,  but  in  some  plants  is  not  so. 
In  the  Peach,  for  example,  the  outside 
is  a  thin  membrane,  which  may  be 
easily  peeled  off:  it  is  called  the  epi- 
carp;  then  comes  a  quantity  of  sweet 
pulpy  matter  which  we  eat :  that  is  the 
sarcocarp ;  and  finally  there  is  a  hard 
bony  wrinkled  part  called  the  stone  by 
the  vulgar,  and  the  endocarp  or  puta- 
men  by  the  botanist.  These  distinc¬ 
tions  are  important  in  describing  plants, 
because  descriptions  often  require  that 
not  only  all  parts,  but  all  modifications 
of  parts,  shotdd  be  indicated  by  special 
names. 

Some  fruits  are  always  closed  up  to 
the  latest  hour  of  their  existence,  as  the 
cocoa-nut ;  others  have  the  property  of 
bursting  into  separate  pieces  or  valves 
when  ripe,  as  the  lilac.  This  act  of 
bursting  is  called  dehiscence ,  and  its 
varieties  are  often  of  material  import¬ 
ance  in  distinguishing  plants  from  each 
other.  We  must  therefore  state  what 
are  the  typical  forms  of  dehiscence. 
But  for  this  purpose  we  must  revert  to 
the  original  structure  of  the  pistil. 

A  simple  pistil  is  composed  of  a  single 
carpel,  which  has  a  ventral  suture,  to 
which  the  placenta  adheres,  and  a  dor¬ 
sal  suture,  which  has  no  placenta.  All 
fruits  are  composed  either  of  one  or  of 
many  carpels.  If  of  many  carpels,  the 
dissepiments  are  formed  by  their  union ; 
if  of  one  carpel,  there  are  necessarily 
no  true  dissepiments.  Suppose  that 
when  a  ripe  fruit  dehisces,  its  carpels  all 
separate  from  each  other,  as  in  the  Rho¬ 
dodendron  (fig.  64,  a),  then  the  dehis¬ 
cence  is  called  septicidal,  and  the  fruit 
is  resolved  into  its  original  elements ; 
but  if  the  carpels  refuse  to  separate  and. 
give  way  only  by  their  dorsal  suture 
(fig.  64,  b),  then  the  dehiscence  becomes 
loculicidal,  as  in  the  Lilac.  These  two 
cases  are  the  most  common,  and  the 
only  ones  which  are  worth  naming,  as 
instances  of  a  regular  manner  of  dehisc¬ 
ing  ;  and  almost  all  others  are  reducible 
to  such  types.  When,  for  example, 
a  fruit  is  said  to  burst  by  valves  at  its 
point  (fig.  64,  c),  as  in  the  Mouse-ear 
chickweed  (Cerastium),  a  partial  sepa¬ 
ration  of  the  carpels  takes  place  both 
at  their  dorsal  sutures  and  between 
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each  other,  just  at  the  end  of  the  fruit; 
and  in  the  Palma  Christi  (Ricinus),  and 
many  other  plants,  a  sort  of  compound 
bursting  occurs ;  first  of  all,  the  car¬ 
pels  separate  from  each  other,  and  septi- 
Fig.  64. 


cidal  dehiscence  is  the  result ; .  then  each 
carpel  splits  by  its  two  sutures :  this 
is  loculicidal  opening ;  and  finally, 
the  shell  divides  into  two  layers  (the 
sarcocarp  and  endocarp),  which  con¬ 
tract  and  separate  from  each  other  with 
some  force 

There  are,  however,  some  irregular 
forms,  which  are  too  curious  to  be 
passed  by  in  silence,  as  they  are  not 
reducible  to  either  or  any  of  the  two 
foregoing  types.  The  Poppy  (fig.  65,  d) 

Fig.  65. 


discharges  its  seeds  by  a  number  of 
little  openings  which  lie  below  the  rim 


produced  by  its  broad  peltate  stigmas ; 
the  Snapdragon  (Antirrhinum)  (fig.  65, 
a)  has  similar  openings  near  the  apex 
of  its  fruit;  and  the  Blue  bells  (Cam¬ 
panula)  burst  by  ragged  holes  at  the 
bottom  of  their  capsule  (fig.  65,  c,  &e.). 
The  Spirting  cucumber  (Momordica 
elaterium)  discharges  its  slimy  pulp 
and  seeds  by  ejecting  them  violently 
through  the  place  where  the  fruit  and 
the  peduncle  are  joined,  forcing  out  the 
peduncle  like  a  plug  from  a  barrel  of 
fermenting  liquor.  The  Primrose,  and 
many  others,  bear  fruit  which  opens 
by  a  transverse  separation  of  the  shell 
into  two  parts  (fig.  65,  b),  the  upper 
looking  like  a  cap  to  the  under ;  and 
the  Bird’s-foot  trefoil  (Ornithopus)  has 
pods  which  break  across  into  a  num¬ 
ber  of  joints.  Finally,  in  most  Cruci¬ 
ferous  plants  the  valves  of  the  fruit 
drop  off  a  frame  (replum),  to  which 
the  seeds  adhere,  and  which  seems 
formed  by  a  junction  of  the  sutures. 

In  order  to  avoid  circumlocution,  the 
numerous  varieties  which  occur  among 
fruits  have  been  classified  by  botanists, 
and  names  given  to  the  most  important 
of  their  modifications.  By  some  writers 
this  has  been  carried  to  a  great  extent ; 
but  by  others  the  number  of  essen¬ 
tially  distinct  forms  has  been  much 
circumscribed.  Although  for  many- 
purposes,  especially  for  arranging  a 
carpological  collection,  the  more  exact 
definitions  of  the  former  deserve  to  be 
adhered  to,  and  consequently  their 
nomenclature  adopted ;  yet  it  must  be 
admitted,  that  for  the  common  pur¬ 
poses  of  descriptive  botany,  a  very 
small  number  of  terms  is  sufficient. 
No  others  will  therefore  be  admitted 
into  this  sketch  than  such  as  are  of 
every-day  occurrence  in  the  writings  of 
botanists. 

The  follicle  (fig.  66,  d)  may  be  con¬ 
sidered  as  a  carpel  in  its  ripe  state, 
opening  by  its  ventral  suture  only,  and 
consequently  to  be  typical  of  all  modifi¬ 
cations  of  fruit,  as  the  carpel  itself  is  of 
all  modifications  of  pistil.  Instances 
of  a  solitary  follicle  are  found  in  the 
Larkspur  (Delphinium),  and  of  several 
in  the  same  flower  in  the  Paeony,  the 
Star  anise  (Illicium)  (fig.  66,  c  g),  and 
many  others. 

From  the  latter,  botanists  distinguish 
the  legume  (fig.  66,/),  which  is,  how¬ 
ever,  hardly  susceptible  of  a  definition, 
so  various  are  the  forms  under  which 
it  occurs.  Its  most  genuine  state  is 
as  we  find  it  in  the  Pea  where  it  is  a 
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follicle  opening  by  both  dorsal  and  tinct  double  suture  which  runs  round  it. 
ventral  sutures  into  two  valves.  But  In  this  state  it  is  sometimes  divided 
it  is  often  incapable  of  opening,  and  into  a  great  number  of  cells,  each  con- 
then  is  only  to  be  known  by  the  dis-  taining  one  seed,  and  formed  by  hori- 


Fig.  66 


zontal  partitions  arising  from  the  lining  transversely  into  distinct  pieces  are 
of  the  shell  (  fig.  66,  l ),  as  in  Tetra-  sometimes  called  lomenta,  or  lomen- 
gonolobus  and  the  Carob  tree  (Cera-  taceous 

tonia);  or  it  may  be  precisely  like  a  The  achenium,  or  grain  (fig.  67,  b), 
common  legume,  except  that  it  does  is  a  carpel  which  is  one-seeded,  does 
not  open  ;  or  it  may  be  reduced  to  a  not  open  when  ripe,  and  has  no  suture 
single  seed,  as  in  Clover,  Psoralea,  &c.  at  all.  It  is  what  the  old  botanists 
(fig.  66,  k).  But  its  most  singular  ap-  called  a  naked  seed,  because  it  re- 
pearances  take  place  when  the  shell  sembles  a  seed  in  size  and  texture, 
contracts  round  the  seeds,  so  as  to  look  Instances  of  it  occur  in  the  Strawberry, 
as  if  it  consisted  of  a  number  of  distinct  the  Crowfoot,  and  the  Fig,  in  which 
joints;  in  the  Sawpod  (Biserrula)  (fig.  what  are  popularly  called  the  seeds  are 
66,  i)  it  is  compressed  from  the  back  the  achenia.  Sometimes  this  kind  of 
to  the  front,  and  is  deeply  and  regularly  fruit  is  terminated  by  a  kind  of  plume 
scalloped  at  each  edge  ;  in  Horseshoe-  (fig.  67,  a),  as  in  Virgin’s  bower  (Cle- 
wort  (Hippocrepis  comosa)  (fig.  66,  h)  matis),  which  is  the  hardened  style 
it  is  compressed  laterally,  and  one  side  covered  over  with  long  feathery  hairs ; 
only  is  scalloped ;  in  the  French  honey-  or  it  is  crowned  by  a  number  of  scales 
suckle  (Hedysarum  coronarium)  (fig.  or  hairs  called  pappus,  placed  in  a  ring 
66,  «)  it  is  simply  contracted,  and  even-  at  its  summit,  as  in  Compound  flowers 
tually  falls  into  pieces,  each  of  which  (fig.  67,  c  d).  Two  achenia  combined 
contains  a  seed ;  in  the  Catei-pillar  form  the  fruit  of  an  Umbelliferous 
plant  (Scorpiurus)  it  is  rolled  up  upon  (fig.  67,  g)  plant,  and  two  or  four, 
itself,  and  covered  with  tubercles  united  at  their  bases  only  (fig.  67,  e ), 
(fig.  66,  b) ;  and  finally,  in  the  Snail-  that  of  a  Boragineous  one. 
plants  (various  species  of  Medicago),  A  cariopsis  is  an  achenium  with  a 
the  convolutions  are  extremely  like  thin  shell,  which  grows  so  close  to  the 
those  of  some  univalve  shells  (Jig.  skin  of  the  seed  as  to  be  inseparable 
66,  e).  Such  legumes  as  separate  and  undistinguishable ;  such  is  the 


BOTANY. 


51 


fruit  of  Wheat,  Maize,  and  other  kinds 
of  corn. 

A  utricle  is  a  cariopsis  with  a  thin 
loose  shell ;  it  would  be  an  achenium 
if  the  shell  were  hard  ;  it  occurs  in 
Goosefoot  (Chenopodium),  and  often 
divides  transversely  {fig.  67,  t). 

A  nut  is  an  achenium  in  every  thing, 
except  that  it  results  from  a  compound 
pistil,  and  is  really  composed  of  several 
carpels,  although  all  of  them  may  be 
abortive  except  one.  The  Hazel-nut, 
the  Chestnut,  the  Acorn,  are  familiar 
instances  of  this. 

The  key  (Samara)  is  either  an  ache¬ 
nium,  or  a  nut  with  the  summit  ex¬ 
panded  into  a  wing,  as  in  the  Ash  and 
the  Sycamore  (fig.  67,  a). 

The  drupe  is  an  achenium  with  the 
shell  separable  into  two  layers,  of  which 
the  inner  is  hard  and  bony,  forming  a 
stone  or  endocarp,  and  the  other  soft 
and  juicy,  forming  a  flesh.  The  fruits 
of  the  Peach,  the  Plum,  the  Cherry, 
are  drupes  (fig.  57,  f). 


Fig.  67. 


The  walnut  is  a  drupe,  the  endocarp 
of  which  separates  into  two  valves, 
each  of  which  has  an  imperfect  spuri¬ 
ous  dissepiment  projecting  from  the 


back,  and  cutting  the  seed  into  deep 
lobes  (fig.  67,  k ). 

The  berry  (bacca)  is  composed  of 
several  carpels,  which,  when  ripe,  are 
a  mere  mass  of  pulp,  in  which  the  seeds 
lie  buried,  as  the  Grape  and  the  Goose¬ 
berry. 

The  gourd  (pepo)  is  a  berry  with  a 
hard  rind,  like  a  Melon. 

Th epome  is  a  sort  of  fleshy  berry,  in 
which  the  inside  of  the  cells  is  dry,  so 
that  the  seeds  do  not  lie  in  pulp ;  it 
is  composed  of  a  few  carpels  sur¬ 
rounded  by  a  fleshy  calyx,  to  which 
they  grow,  and  may  either  have  a  thin 
and  papery,  or  a  thick  and  bony  lining 
to  its  cells.  The  former,  which  occurs 
in  the  Apple,  may  be  considered  as  a 
combination  of  fleshy  follicles  with  a 
fleshy  calyx;  the  latter,  which  we  find 
in  the  Medlar,  as  a  union  of  drupes  to 
a  fleshy  calyx. 

The  siliqua  (fig.  68,  c)  is  a  dry  fruit, 
with  two  valves  that  separate  from  a 
frame  to  which  the  seeds  are  attached : 
in  the  Cabbage  it  is  long  and  narrow; 
in  the  Shepherd’s  purse  (Capsella),  it 
is  short  and  broad  (fig.  68,  a) ;  the 
latter  is  called  a  silicle ;  in  Sea-ka.le, 
the  valves  do  not  separate  from  the 
frame. 

Finally,  the  capsule  is  a  general  term 
for  all  dry  fruits  which  are  composed 
of  more  carpels  than  one,  and  which 
dehisce  when  ripe  ;  its  application  is 
even  extended  by  combining  it  w’ith 
modifying  words ;  thus  a  berried  cap¬ 
sule  is  a  fruit  having  the  ordinary 
structure  of  a  capsule,  with  a  soft, 
juicy  shell,  and  not  dehiscing ;  and  so 
on.  Taken  in  its  most  general  sense, 
it  is  the  most  variable  in  appearance  of 
all  the  organs  of  fructification.  In  Col- 
chicum  it  consists  of  three  follicles 
separating  in  a  septicidal  manner  (fig. 
68,  e);  this  is  a  very  common  form  of 
it.  In  Snapdragon,  it  consists  of  two 
cells  opening  at  the  summit  by  three 
pores  (fig.  65).  In  the  Sun-tree  (He¬ 
liocarpus),  it  has  two  cells,  opening  in 
a  loculicidal  manner,  and  surrounded 
by  long  feathery  processes  which  give 
it  the  appearance  of  a  Catholic  glory. 
In  Hypecoum  it  is  long,  taper,  curved, 
and  separates  into  one-seeded  joints 
like  a  lomentaceous  legume  (fig.  68, 
d),  from  which  it  is  known  by  its  seeds 
being  attached  to  both  sutures.  In  the 
Screw-fruits  (Helicteres)  it  consists  of 
five  slender,  narrow  follicles,  which  are 
twisted  together  in  a  most  remarkable 
manner  (fig.  68,  b). 
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Fig.  68. 


Besides  the  foregoing,  there-  are 
several  fruits  which  are  not  produced 
by  single  flowers,  but  which  are  formed 


by  the  adhesion  of  a  considerable  num¬ 
ber  of  flowers  into  a  single  mass.  Such 
is  the  fir-cone,  each  of  whose  scales  re¬ 
presents  a  single  flower  {fig.  69,  c) ;  the 
pine-apple,  which  consists  of  as  many 
flowers  as  there  are  rhomboidal  spaces 
upon  its  surface ;  and  the  mulberry, 
each  of  whose  tubercles  represents  a 
single  flower.  These  may  either  be 
all  considered  as  varieties  of  the  stro- 
bilus  or  cone ;  or  with  some  others  may 
be  looked  upon  as  forming  a  section 
in  a  methodical  arrangement  of  fruits, 
in  which  latter  case  they  would  have 
several  different  names.  It  is  more 
conformable  to  the  plan  of  this  treatise 
to  take  the  first  view  of  them;  for  an 
explanation  of  the  other,  the  reader  is 
referred  to  Lindley's  Introduction  to 
Botany,  in  which  this  subject  is  treated 
in  detail.  True  cones  {fig.  69, 6  c)  must 
not  be  confounded  with  such  aggrega¬ 
tions  of  carpels  as  we  find  in  the  Mag¬ 
nolia  (fig.  69,  a),  which  are  like  cones 
in  appearance,  but  which,  in  reality, 
are  the  result  of  the  growth  of  one 
single  pistil. 


Fig.  69. 


Chapter  XXII. 

Of  the  Seed. 

While  changes  are  coming  over  the 
pistil  subsequent  to  the  discharge  upon 
the  stigma  of  the  fertilizing  principle 
of  the  pollen,  the  ovules  are  also  under¬ 
going  a  metamorphosis  still  more  in¬ 
teresting  and  important.  No  sooner 
has  the  mysterious  influence  of  the 
pollen  been  introduced  into  the  ovule, 
than  its  foramen  closes  up,  its  integu¬ 
ments  extend  and  harden,  the  pulpy 
substance  within  them  consolidates, 
and  in  the  midst  of  the  latter,  within 
the  kernel,  close  to  the  foramen,  there 


appears  a  minute,  yellowish,  opaque 
speck,  which  gradually  enlarges  and 
projects  forwards  into  the  centre  of  the 
kernel,  absorbing  the  fluid  that  sur¬ 
rounds  it,  and,  by  degrees,  assuming 
the  appearance  of  an  organized  body 
which  it  ultimately  becomes,  in  the 
form  of  an  embryo  plant. 

The  interior  integument,  within 
which,  under  the  name  of  kernel,  all 
this  goes  on,  absorbs  its  food  from  the 
placenta  either  directly  in  those  cases 
in  which,  the  foramen  being  at  the 
summit  of  the  ovule,  the  base  of  the 
kernel  is  next  the  placenta  (fig.  70,  b), 
or  indirectly  by  means  of  a  cord  of 


BOTANY. 


53 


vessels  which  expand  at  their  termi¬ 
nation  in  those  cases  in  which  the 
foramen  is  at  the  base  of  the  ovule 
{Jig.  70,  a) ;  in  the  latter  case,  the 

Fig.  70. 


cord  of  vessels  is  called  the  raphe,  and 
their  expansion,  which  corresponds 
with  the  base  of  the  kernel,  the  chalaza. 
It  will,  therefore,  be  obvious,  that 
where  a  raphe  and  chalaza  are  pre¬ 
sent,  the  kernel  is  inverted,  and  where 
they  are  absent,  it  is  erect ;  a  fact  of 
considerable  practical  value.  This 
may,  indeed,  be  made  out  by  two 
other  means,  either  by  discovering  the 
foramen,  which,  in  the  ripe  seed,  is 
sometimes  called  the  micropyle,  or  by 
dissection  ;  but  both  these  modes  are 
more  difficult  of  application  than  ascer¬ 
taining  the  presence  or  absence  of  a 
raphe  and  chalaza.  Now  it  has  been 
previously  stated  (p.  46),  that  the  ra¬ 
dicle  of  the  embryo  is  uniformly  found 
next  the  foramen ;  and  from  this  and 
the  other  facts  just  recited,  two  axioms 
of  the  greatest  practical  value  in  exa¬ 
mining  seeds  are  derived.  1.  When 
there  is  neither  raphe  nor  chalaza,  the 
kernel  of  the  seed  is  erect,  and  the  em¬ 
bryo  inverted.  2.  When  a  raphe  and 
chalaza  are  present,  the  kernel  is  in¬ 
verted,  and  the  embryo  erect. 

When  fully  formed,  the  seed  sepa¬ 
rates  from  the  placenta,  retaining  a 
scar,  called  the  hilum  or  eye,  at  the 
spot  where  the  separation  takes  place. 
In  some  seeds  this  hilum  is  very  mi¬ 
nute,  in  others  it  extends  more  than 
half  round  the  seed  in  the  form  of  a 
broad  belt,  as  in  the  genus  Dolichos. 

The  integuments  of  the  seed,  called 
collectively  the  testa,  or  skin,  are  un¬ 
certain  in  number,  like  those  of  the 
ovule,  of  which  they  are  merely  the 
ripe  state.  While,  however,  they  may 
be  fewer  in  consequence  of  one  or  more 
of  them  disappearing  in  the  course  of 
the  transition  from  ovule  to  seed,  they 
never  can  be  more  numerous.  Two 


integuments  are  very  obvious  in  the 
walnut,  the  outer  of  which  is  brown 
and  tough,  the  inner  white  and  filmy ; 
and  a  similar  structure  is  apparent  in 
the  almond ;  in  the  gourd  there  is  a 
thin  exterior  skin,  a  hard  intermediate 
crust,  and  a  fine  inner  membrane  lying 
immediately  upon  the  embryo ;  in  the 
two  first  cases,  the  primine  and  secun- 
dine  only  are  discernible  in  the  ripe 
seed;  in  the  third, the  tercine  also  may 
be  separated. 

Nothing  can  well  be  more  beautiful 
than  the  marking  of  the  surface  of 
seeds,  especially  the  minuter  kinds, 
nor  anything  more  varied.  In  the 
common  Almond,  the  whole  surface  is 
regularly  veined  by  ramifications  of  the 
raphe  (Jig.  71,  a):  in  the  Primrose,  it 
is  marked  with  little  projecting  points ; 
in  a  Brazilian  plant  named  Physoste- 
mon,  it  is  coiled  up  like  a  snail  (fig. 
71,  c) ;  in  Snapdragon,  it  is  marked  all 
over  with  deep  impressions  (fig.  71,  e) ; 
and  in  the  Prickly  poppy  it  is  ribbed 
and  barred  across  like  a  closely-grated 
prison  window  (fig.  71,  g).  Of  the 


Fig.  71. 


greater  number  of  seeds  the  surface  is 
perfectly  bald,  but  there  are  some  re¬ 
markable  for  their  excessive  hairiness : 
the  Cotton-seed,  for  example,  is  en¬ 
veloped  in  long  hairs  which  grow  from 
every  point  of  its  surface,  and  form 
the  substance  so  extensively  used  in 
manufactures  (fig.  71,  b);  in  the  Ole¬ 
ander  and  similar  plants  (fig.  71,  f,) 
the  hairs  are  chiefly  confined  to  one 
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end  of  the  seed,  and  appear  destined 
to  carry  it  aloft  in  the  air  so  as  to  he 
conveyed  to  a  distance  from  its  spot 
of  birth.  Nor  are  hairs  the  only  means 
of  transport  through  the  air  which 
seeds  possess ;  some  have  broad,  mem¬ 
branous  expansions,  called  wings,  the 
office  of  which  they  really  seem  to 
serve,  as  in  Bignonia,  and  plants  allied 
to  it  (fig.  71,  d). 

It  frequently  happens  that  seeds  are 
attached  to  the  placenta  by  a  sort  o! 
stalk,  called  the  umbilical  cord;  which 
is  an  extension  of  the  placenta  itself, 
and  consists  of  a  bundle  of  nourishing 
vessels  surrounded  by  spongy  matter. 
In  its  ordinary  state,  the  umbilical  cord 
rarely  attracts  much  attention ;  but  it 
sometimes  assumes  a  very  remarkable 
appearance.  In  the  common  Spindle- 
tree  (Euonymus),  the  seed  is  enveloped 
in  a  red  fleshy  bag,  which  is  open  at 
the  mouth,  and  which  is  an  expansion 
of  the  top  of  the  umbilical  cord  just  be¬ 
low  the  hilum  {fig.  72,  b).  An  organ 
of  this  sort  is  called  an  aril ;  the  most 
remarkable  instance  of  it  occurs  in  the 
Nutmeg,  in  which  it  forms  the  mace  of 
the  shops,  being  a  tough,  lacerated, 
fleshy  body,  overlapping  the  whole  of 
the  seed  (fig.  72,  e):  in  an  almost 
equal  state  of  development  it  occurs  in 
the  Akee  plant  (Blighia  sapida),  in 
which  it  forms  a  fleshy,  eatable  fun- 
gosity,  in  which  the  seed  is  half  buried. 
In  the  Passion-flower  it  is  a  pulpy  hood, 
quite  enclosing  the  seed  (fig.  72,  a); 


Fig.  72. 


in  Heart-seed  (Cardiospermum),  it  is  a 
little  plate  (fig.  72,  c) :  and  in  Turnera 
it  is  only  a  scale  standing  by  the  side 
of  the  seed  (fig.  72,  d).  The  uses  of 
this  organ  are  unknown ;  it  is  however 
to  be  remarked  that  it  is  never  formed 
until  after  the  fertilization  of  the  ovule 
has  been  accomplished. 

It  has  been  already  stated  that  the 


embryo  is  originally  formed  in  the 
midst  of  the  pulpy  substance  of  the 
kernel,  and  that  it  is  nourished  by  it 
during  its  growth.  This  pulpy  matter 
bears,  apparently,  much  the  same  rela¬ 
tion  to  the  embryo  plant  as  the  white  of 
an  egg  to  an  embryo  bird ;  and  hence 
it  has  obtained  the  name  of  albumen 
(fig.  73,  c  d).  l*n  a  very  great  number 
of  cases  this  substance  is  so  wholly  ab¬ 
sorbed  by  the  embryo,  that  no  trace  of 
it  is  left  behind ;  but  in  others  it  re¬ 
mains  interposed  between  the  skin 
of  the  seed  and  the  embryo,  in  the 
form  of  a  horny,  or  mealy,  or  fleshy,  or 
oily  substance.  These  differences  in 
its  texture  are  owing  to  the  nature  of 
a  substance  secreted  during  the  forma¬ 
tion  of  the  seed  within  the  cellular 
tissue  of  the  kernel,  and  replacing  the 
fluid  matter  consumed  by  the  embryo ; 
a  substance  which,  in  Corn,  consists  of 
farinaceous  matter  adapted  for  the 
food  of  man ;  in  Coffee,  of  a  stimulat¬ 
ing  secretion,  the  infusion  of  which 
forms  a  grateful  beverage;  and  in  the 
Poppy,  of  greasy  matter,  from  which  a 
valuable  oil  is  extracted ;  but  which, 
in  all  cases,  seems  more  particularly 
destined  for  the  nutrition  of  the  em¬ 
bryo  in  its  infant  state.  If  a  part  only 
of  the  cellular  substance  of  the  kernel 
is  filled  with  a  solid  deposit,  and  ano¬ 
ther  part  remains  empty  after  having 
been  drained  by  the  embryo,  the  albu¬ 
men  will,  in  that  case,  represent  a  he¬ 
terogeneous  mass,  full  of  irregular  cavi¬ 
ties,  among  which  solid  matter  is  in¬ 
terspersed,  as  in  the  Nutmeg  and  some 
other  plants.  Albumen  of  this  kind  is 
called  ruminated  (fig.  73,  c). 

These  are  generally  the  only  parts 
of  a  seed  of  any  importance  except  the 
embryo,  of  which  we  shall  treat  in  the 
succeeding  chapter.  There  is,  how¬ 
ever,  in  some  cases,  an  additional  part 
called  the  vitellus.  In  the  yellow 
Water-lily  (Nuphar  luteum),  there  is  a 

Fig.  73. 
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fleshy  bag  which  intervenes  between 
the  albumen  and  embryo,  enclosing  the 
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latter  (Jig.  73,  a)  ;  a  similar  structure 
occurs  in  a  few  other  instances,  espe¬ 
cially  in  all  species  of  the  Ginger  tribe, 
where  it  forms  a  sort  of  cup,  beyond 
which  the  embryo  protrudes  (fig.  73,  b). 
This  part,  which  is,  in  reality,  the  in¬ 
nermost  integument  of  the  ovule,  in 
an  indurated  state,  is  the  vitellus ; 
and  before  the  anatomy  of  the  ovule 
had  been  made  out  by  Brown  and 
Mirbel,  was  a  very  puzzling  organ  for 
botanists  to  account  for.  Its  use  is 
unknown. 

From  what  has  gone  before,  it  is  clear 
that  the  ovule  is  the  origin  of  the  seed ; 
and  as  nearly  all  ovules  are  originally 
enclosed  within  a  carpel,  there  can  be 
no  such  thing  as  naked  seeds  except 
in  a  very  few  instances.  What  the  old 
botanists  called  naked  seeds  were  usu¬ 
ally  achenia;  and  true  naked  seeds 
are  hardly  known  beyond  Coniferous 
and  Cycadeous  plants ;  concerning 
which  see  the  Systematic  part  of  this 
Treatise. 


Chapter  XXIII. 

Of  the  Embryo. 

This  part  is  so  extremely  varied  in 
its  structure,  that  it  is  absolutely  neces¬ 
sary  to  take  some  one  form  as  typical 
of  the  remainder,  if  the  endless  modi¬ 
fications  it  exhibits  are  to  be  correctly 
understood.  For  this  purpose  let  a  b, 
fig.  74,  represent  the  central  portion  or 


Fig.  74. 


axis  of  any  embryo,  and  c  c  two  seed- 
leaves  called  cotyledons,  growing  from 
it.  The  part  from  a  to  b  will  then  re¬ 
present  a  stem,  of  which  a,  called  the 
plumule,  is  the  growing  point ;  b,  the 
radicle,  is  the  root ;  and  the  interme¬ 
diate  space  between  the  radicle  b  and 
the  base  of  the  cotyledons  c,  an  inter¬ 


node  :  upon  which  supposition  the  plu 
mule  will  be  axillary  to  both  cotyle¬ 
dons  at  once.  From  this  form  of  em¬ 
bryo  all  our  ideas  of  that  organ  may  be 
derived  :  it  represents  more  particu¬ 
larly  what  is  called  a  dicotyledonous 
embryo,  in  which  not  only  there  are  two 
cotyledons,  but  they  are  opposite  to 
each  other  ;  let  the  number  of  cotyle¬ 
dons  be  increased,  all  other  things  re¬ 
maining  as  before,  and  it  is  polycoty- 
ledonous,  as  in  Fir  trees  (fig.  75,  d). 

In  the  Lime  tree  (Tilia)  the  coty¬ 
ledons  are  broad,  thin,  and  leafy  (fig. 
75,  c) ;  in  the  genus  Ardisia,  they  are 
very  short,  while  the  radicle  is  undu¬ 
lated  and  very  long  in  proportion  (fig. 
75,  b) ;  in  Cactus  they  are  almost  rudi¬ 
mentary  (fig.  75,  e)  ;  in  the  Horse- 
chestnut  they  grow  together  by  their 
faces  into  a  solid  body,  enclosing  the 
plumule. 

Usually  they  are  undivided,  but  in 
the  loop-holed  Menispermum  they  are 
pierced  with  holes  (fig.  75,  a) ;  and  in 
some  Cruciferous  plants  are  deeply 
gashed. 


Fig.  75. 


Ordinarily  they  lie  flat  face  to  face, 
Dut  there  are  many  exceptions  to  this ; 
in  the  common  Maple  (Acer  campestre) 
they  are  folded  and  plaited  something 
like  a  bat’s  wings  (fig.  75,  g) ;  in  the 
Pomegranate  they  are  rolled  round 
each  other  in  a  spiral  manner  (fig.  75 
/) ;  in  Cordia  myxa  they  are  plaited  in 
such  a  way,  that  when  cut  through 
horizontally,  they  resemble  the  quilling 
round  a  lady’s  gown  ;  in  the  Chocolate 
plant  (Theobroma  cacao)  they  have  a 
broken  and  most  irregular  arrange¬ 
ment,  forming  when  within  the  seed 
an  oblong  wrinkled  body  (fig.  75,  h). 

Commonly  the  embiyo  is  straight 
or  but  slightly  curved ;  but  in  certain 
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plants  it  is  rolled  up  in  a  singular  way ; 
in  the  Chalcedonian  Lychnis,  and  many 
species  of  the  same  natural  order,  it  is 
annular,  that  is,  curved  into  the  form 
of  a  ring,  the  summit  of  the  cotyledons 
touching  the  point  of  the  radicle  ( fig. 
75,  V) ;  in  the  Caterpillar  plant  (Scor- 
piurus)  it  is  folded  so  as  to  resemble 
the  letter  S  ;  and  in  Dodder  (Cuscuta) 
it  is  spiral  (fig.  75,  k). 

All  the  foregoing  modifications  are 
easily  intelligible  upon  reference  to  the 
typical  form  of  the  embryo ;  but  there 
are  others  called  monocotyledonous, 
because  they  have  only  one  cotyledon, 
in  which  the  analogy  between  them 
and  the  supposed  type  is  at  first  sight 
not  apparent.  Take,  for  instance,  the 
embryo  of  a  Cocoa-nut  (fig.  76,  d) ;  it 
is  a  taper  fleshy  body,  somewhat  club- 
shaped  at  one  end,  and  abruptly 
blunted  at  the  other ;  no  trace  of  coty¬ 
ledon,  plumule,  or  radicle,  is  externally 
discoverable.  If  however  it  is  divided 
with  a  thin  and  sharp  knife  from  top 
to  bottom  into  two  equal  parts,  it  will 
be  found  that  near  the  blunt  end  there 
is  an  internal  conical  tumour  directed 
upwards;  this  is  ascertained  by  the 
germination  of  a  cocoa-nut  to  be  the 
young  plumule ;  and  this  being 
known,  it  follows  that  the  abruptly 
blunted  end  of  this  embryo  is  the 
radicle,  and  the  other  the  cotyledon ; 
hence  it  derives  its  name  of  monocoty¬ 
ledon. 

But  although  thus  much  is  to  be 
determined  without  great  difficulty, 
there  still  remains  a  want  of  proof  that 
the  so-called  single  cotyledon  is  not  in 
fact  composed,  like  that  of  the  Horse- 
chestnut,  of  two  grown  together.  The 
demonstration  of  this  is  by  a  curious 
series  of  proofs.  1.  The  embryo  of  an 
Arum  is  like  that  of  a  Palm,  only  there 
is  a  slit  on  one  side  of  it  through  which 
the  plumule  easily  escapes  ( fig.  76,  c). 

2.  In  Rice  (Oryza)  this  slit  is  very 
much  lengthened  and  widened  (b). 

3.  In  Barley  the  plumule  projects  be¬ 
yond  the  slit,  leaving  a  flat  cotyledon 
on  one  side  (a) ;  and  4.  In  Wheat  the 
embryo  has  the  structure  of  Barley, 
with  this  most  important  exception, 
that  at  the  base  of  the  plumule  in 
front  there  is  a  rudimentary  cotyledon 
alternate  with  the  large  flat  one,  on 
the  opposite  side  of  the  plumule  (/). 
Hence  we  are  to  infer  that  the  mono¬ 
cotyledonous  embryo  of  a  Palm  is  ana¬ 
logous  to  that  of  a  dicotyledon,  of  which 


one  of  the  cotyledons  is  abstracted,  and 
the  other  rolled  round  the  plumula  and 
consolidated  at  its  edges.  And  this  is 
the  view  that  must  be  taken  of  the 
monocotyledonous  embryo  in  general, 
all  the  modifications  of  which  seem  re¬ 
ducible  to  this  standard. 


Fig.  76. 


Thus  in  Sea-wrack  (fig.  76,  g)  (Zos- 
tera  marina)  Of  which  the  embryo  is 
an  oblong  almond-shaped  body  with 
a  cleft  on  one  side,  in  the  cavity  of 
which  a  long  flexuose  process  is  placed, 
the  latter  is  the  plumule,  and  the 
former  at  one  end  the  cotyledon,  and 
the  radicle  at  the  other;  in  Ruppia 
maritima,  whose  embryo  is  an  oblong 
body,  cut  suddenly  off  at  one  end  (fig. 
76,  h)  on  which  a  sort  of  curved  horn 
crouches,  the  latter  is  the  plumule, 
and  the  former  chiefly  cotyledon ;  and 
so  in  Frog-bit  (Hydrocharis  morsus 
ran®),  the  embryo  of  which  is  an  oblong 
fleshy  kernel  with  a  hole  on  one  side,  in 
which  there  lies  a  short  cylinder ;  the 
latter  is  the  plumule,  and  the  former  the 
cotyledon.  It  is  amusing  to  compare 
these  simple  explanations  with  the 
overstrained  and  far-fetched  notions  of 
the  late  Professor  Richard  of  Paris,  as 
set  forth  in  his  Analyse  du  Fruit,  trans¬ 
lated  by  Lindley  some  fifteen  years  ago. 
At  that  time  no  one  had  a  notion  of 
the  true  theory  of  the  structure  of  fruits 
and  seeds,  the  luminous  views  ofGdthe, 
although  for  above  twenty  years  be¬ 
fore  the  public,  not  being  known  to  a 
single  individual  in  this  country,  and 
all  that  concerns  the  seed  being  still  an 
unexplained  mystery. 

The  embryo  called  acotyledonous, 
not  being  the  result  of  specific  fertili¬ 
zation,  is  not,  properly  speaking,  an 
embryo  at  all,  and  will  be  adverted  to 
in  another  place 
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Chapter  XXIV. 

Of  Abmtinns,  Degenerations ,  Adhe¬ 
sions ,  SfC. — Of  Flowerless  Plants. 

What  has  been  stated  in  the  preceding 
pages  is  to  be  understood  to  relate  to 
organs  in  their  usual  state ;  and  to  be 
explanatory  either  of  what  may  be 
considered  normal  structure,  or,  at  all 
events,  of  deviations  which  are  easily 
reconcilable  with  it.  This  Treatise 
would,  however,  be  incomplete  with¬ 
out  some  account  of  the  principles 
upon  which  it  is  conceived  that  all 
great  exceptions  to  normal  structure 
may  be  accounted  for,  and  by  which 
they  may  be  reduced  to  such  types  as 
those  already  spoken  of.  But  as  the 
limits  of  such  a  sketch  as  this  forbid 
the  question  to  be  examined  in  much  de¬ 
tail,  a  few  examples  only  will  be  given 
in  connexion  with  very  general  views. 

It  must  be  obvious,  from  all  that 
has  as  yet  been  advanced,  that  the 
different  parts  of  which  plants  consist 
are  extremely  simple  in  their  nature; 
and  it  is  a  matter  of  surprise  that  such 
a  prodigious  diversity,  not  only  of  ge¬ 
neral  appearance,  but  of  arrangement 
and  structure,  as  the  vegetable  king¬ 
dom  presents,  should  result  from  their 
combinations.  Some  French  author 
has  indeed  said  that  vegetation  is  the 
masquerade  dress  of  nature  ;  it  is,  how¬ 
ever,  a  masquerade  which  forms  a  dis¬ 
guise  only  to  the  eyes  of  those  who 
look  at  Nature  without  studying  her. 

The  three  principal  modes  in  which 
the  true  or  typical  structure  of  plants 
is  obscured,  are  abortion,  or  the  non¬ 
development  of  organs ;  degeneration, 
or  their  imperfect  development ;  and 
adhesion,  or  the  growth  of  one  to  the 
other. 

The  term  abortion  would  seem  to 
express,  that  a  part  shortly  after  its 
original  creation  became  deformed 
and  ceased  to  have  the  power  of  further 
development ;  such,  however,  is  not 
the  sense  in  which  botanists  use  it. 
By  abortion  they  mean  the  non-ap¬ 
pearance  of  some  organ  at  the  place 
where  one  would  expect  that  it  would 
appear,  and  where  in  fact  it  would  be 
found  if  the  structure  were  regular. 
There  are  no  parts  of  plants  that  may 
not  become  abortive,  either  acciden¬ 
tally  or  normally  ;  for  instance,  even 
in  branches,  it  is  their  abortion  in  Pine 
trees  which  causes  the  fascicled  ap 
pearance  of  the  leaves  of  such  plants  ; 
if  the  greater  part  of  their  branches 


57 

were  not  abortive,  the  leaves  "would 
not  be  fascicled,  but  alternate  as  in 
common  firs.  In  leaves,  very  curious 
instances  of  abortion  take  place;  it  is 
by  that  of  the  leaflets  of  Acacias  that 
phyllodia  are  caused  to  developefp.  27); 
and  it  is  the  same  cause  which  pro¬ 
duces  in  Stapelia,  Euphorbia,  Cactus, 
&c.,  those  remarkable  stems  (p.  13) 
which  seem  to  us  as  leaves.  It  is  this, 
also,  to  which  we  are  to  ascribe  the 
peculiar  appearance  of  such  plants  as 
Chara,  Duckweed,  and  submersed 
Algae. 

Thus  the  abortion  of  the  calyx  and 
corolla  produces  the  kind  of  flowers 
we  find  in  the  Willow,  and  to  that  of 
either  the  pistil  or  the  stamens  is 
wholly  to  be  ascribed  the  existence  of 
w'hat  are  called  unisexual  flowers.  In 
all  plants  it  is  normal  that  the  number 
of  parts  in  the  corolla,  or  the  stamens, 
or  the  pistil,  should  not  be  less  than 
the  multiple  of  the  numbers  in  the 
calyx ;  and  all  exceptions  to  this  are 
ascribed  to  abortion.  Thus  Lamium, 
the  white  Dead  nettle,  has  a  calyx  with 
five  teeth,  a  corolla  which  is  reducible 
to  five  petals  ;  but  only  four  stamens  ; 
in  this  case  one  stamen  is  abortive,  as 
is  proved  by  plants  like  Pentstemon,  in 
which  that  becomes  developed  which 
is  usually  undeveloped.  A  part  of  the 
petals  in  like  manner  is,  in  some  in¬ 
stances,  abortive ;  as  in  Cuphea,  which 
wants  a  part  in  some  species,  and  the 
whole  in  others  ;  and  in  Daphne,  in 
which  all  the  petals  are  always  abor¬ 
tive.  This  term  is  also  applied  to 
parts  which,  although  once  completely 
formed,  nevertheless  become  abortive 
in  the  course  of  their  growth,  as  is  the 
case  w'ith  part  of  the  ovules  and  car¬ 
pels  of  Cupuliferous  plants,  as  is  ex¬ 
plained  at  p.  47,  as  is  common  in 
many  Palms,  and  as  usually  happens 
in  the  Rose  itself  between  the  fertiliza¬ 
tion  and  maturity  of  its  fruit. 

Degenerations  are  a  much  more  fer¬ 
tile  source  of  alteration  in  appearance  ; 
they  generally  consist  in  a  part  being 
less  highly  developed  than  is  usual ; 
and  may  be  considered— if  viewed 
in  their  true  light--as  explanatory  of 
the  true  basis  of  comparative  anatomy 
in  the  vegetable  kingdom  (see  p.  59). 
As  instances  of  this,  among  leaves,  may 
be  quoted  such  plants  as  Ruellia  ani- 
sophylla,  in  which  one  of  the  leaves  of 
each  pair  is  minute  and  unformed ;  or 
as  Monotropa  hypopithys,  the  bird’s- 
nest  Orchis  (Neottia),  Scalewort  (La- 
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thraea),  and  many  others,  all  whose 
leaves  are  in  the  degenerate  state  of 
scales ;  the  scaly  coverings  of  leaf-buds 
are  also  imperfectly  formed  or  degene¬ 
rate  leaves.  The  calyx  is  remarkable 
for  the  many  shapes  it  assumes  when 
degenerated ;  in  the  Elm  and  the  B  eech 
it  is  nothing  but  a  thin,  green,  de¬ 
formed  membrane  ;  in  the  fertile  flower 
of  the  Fig  :*  is  a  few  unequal  bristles  ; 
and  in  many  Composite  plants  it  con¬ 
sists  of  little  more  than  hairs  or  sharp- 
pointed  scales  ;  and  is  often  so  entirely 
rudimentary  as  to  be  nothing  but  a 
narrow  rim.  I n  like  manner  the  corolla 
is  reduced  to  a  few  scales  in  Buckthorn 
(Rhamnus),  and  its  interior  petals  to 
thread-like  processes  in  the  Passion¬ 
flower.  The  stamens  again  are  in  part 
not  more  developed  than  as  little  scales 
in  Seitamineous  plants  ;  in  Lopezia  ap¬ 
pear  in  the  form  of  a  spoon-shaped 
membrane ;  in  multitudes  of  plants 
are  little  awl-shaped  processes  re¬ 
sembling  filaments  ;  and  in  a  curious 
New  Holland  genus  called  Eupomatia, 
they  altogether  assume  the  appearance 
of  petals  {Jig.  76*).  Even  ovules  in  a 
degenerate  state  are  thought  to  be  dis¬ 
coverable  in  the  form  of  the  glands 
which  grow  upon  the  edge  of  the  leaf 
of  a  Peach-tree. 


Fig.  76*. 


But  whatever  deviations  from  normal 
structure  may  occur  in  consequence  of 
abortions  and  degenerations,  they  are 
as  nothing  compared  with  what  is  pro¬ 
duced  by  the  adhesion  or  growth  of 
one  thing  to  another,  a  phenomenon 
on  which  depends  the  very  existence 
of  plants  as  organic  beings.  Their 
whole  framework  is  constituted  of  mi¬ 
nute  organs  in  a  state  of  adhesion ; 
their  stems  may  be  understood,  with¬ 
out  doing  violence  to  truth,  as  com¬ 
binations  of  many  systems  of  life ;  and 


we  see  perpetually  the  existence  of  this 
tendency  evinced  in  accidental  cases, 
such  as  the  growth  together  of  two 
Cucumbers,  or  of  two  Apples,  or  of  two 
or  more  stems  which  have  been  de¬ 
veloped  in  contact  with  each  other. 
In  the  hedges,  where  branches  are  in¬ 
tertwined  very  closely,  one  branch  fre¬ 
quently  grows  to  that  which  is  next  it, 
forming  a  complete  natural  but  acci¬ 
dental  union. 

This  property,  which  exists  thus  ex¬ 
tensively,  is  of  great  and  continual  opera¬ 
tion  in  veiling  the  real  nature  of  all  the 
external,  parts  of  which  plants  consist, 
whether  of  vegetation  or  of  fructifica¬ 
tion.  Leaves,  for  instance,  grow  to¬ 
gether  by  their  bases  (p.  28,  Jig.  32) ; 
the  adhesions  of  stipules  cause  the  pro¬ 
duction  of  ochreae,  and  that  of  bracts 
is  the  explanation  of  the  cupule  or 
cup  of  an  acorn  (p.  33).  So  are  most 
of  the  modifications  of  fructification 
produced  »by  the  agency  of  the  same 
tendency.  The  calyx,  for  example,  is 
normally  composed  of  a  certain  num¬ 
ber  of  sepals  ;  they  grow  more  or  less 
together,  and  constitute  a  toothed  cup, 
a  tube,  or  even  an  undivided  cylinder ; 
the  petals  also  adhere  into  parts  of  a 
similar  nature,  forming  monopetalous 
corollas ;  the  filaments  combine  into  a 
sheath  for  the  ovary  {Jig.  51,/);  the 
anthers  grow  into  a  sheath  for  the  style 
in  Composite  plants ;  the  carpels,  styles, 
and  stigmas  combine  to  form  syncarpous 
pistils  {Jig.  55);  calyx,  corolla,  filaments, 
and  ovaries,  all  coalesce  into  one  solid 
body  to  form  an  inferior  ovary ;  and 
finally,  in  Orchis,  the  filaments,  anthers, 
style,  and  stigma,  are  consolidated  into 
one  columnar  mass. 

These  instances,  and  a  volume  might 
be  filled  with  others  such,  are  abun¬ 
dantly  sufficient  to  show  the  prevalence 
of  the  law,  that  all  contiguous  parts  are 
liable  to  grow  together. 

It  must  however  be  remarked,  that 
in  all  cases  of  normal  adhesion,  the 
growing  together  seems  to  take  place 
at  a  very  early  period  of  the  formation 
of  the  organs ;  and  to  be  altogether- 
antecedent  to  their  arriving  at  a  perfect 
state. 

Flowerless  Plants.— It  is  probable, 
although  it  is  not  yet  susceptible  of 
proof  in  many  cases,  that  all  the  curious 
deviations  from  typical  structure  which 
occur  among  flowerless  plants,  are  ow 
ing  to  the  operation  of  one  or  other  of  the 
foregoing  causes.  For  example,  there 
can  be  scarcely  a  doubt  that  the  repro- 
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ductive  organs  of  Eauisetum  are  dege¬ 
nerate  stamens  and  pistils ;  that  those 
which  grow  on  the  back  of  the  leaves 
of  Ferns  are  degenerate  leaf-buds ;  and 
that  the  thecae  of  Mosses  are  of  a 
similar  nature,  although  in  an  ex¬ 
tremely  different  state.  So  in  like 
manner  the  scales  of  Mosses  must 
be  considered  degenerate  leaves ;  the 
shining  green  horizontal  expansions  of 
Marchantia  adhesions  of  degenerate 
leaves  to  degenerate  stems ;  while  the 
reproductive  organs  of  both  Lichens, 
Fungi,  and  Algae  are  to  be  reckoned 
adhesions,  abortions,  and  degenerations 
of  well-known  organs,  all  in  one.  We 
do  not  however  propose  in  this  treatise 
to  meddle  with  this  part  of  the  subject, 
otherwise  than  in  the  most  incidental 
manner  possible. 

Chapter  XXV. 

Of  the  Theoretical  Structure  of 
Flowers ,  or  Morphology. 

Notwithstanding  all  that  has  been 
said  concerning  the  normal  or  abnormal 
state  of  the  organs  of  plants,  and  the 
manner  in  which  they  are  severally 
combined,  there  still  is  wanting  some 
principle  of  combination  by  which  the 
relation  that  they  severally  bear  to  each 
other  can  be  determined,  and  conse¬ 
quently  the  existence  of  abortions  or 
degenerations,  which  are  in  all  cases 
interferences  with  regularity,  be  de¬ 
tected. 

It  does  not  appear  that  the  old  bota¬ 
nists,  who  in  fact  knew  nothing  what¬ 
ever  of  the  theory  of  structure  in  regard 
to  the  vegetable  kingdom,  ever  sus¬ 
pected  that  the  different  organs  of 
plants  bore  any  fixed  relation  to  each 
other;  nor  can  it  be  said  that  Linnaeus 
at  all  understood  this,  however  near  he 
approached  to  a  discovery  of  the  key 
of  the  theory.  See  Lindley's  Intro¬ 
duction  to  Botany,  p.  505.  It  was 
only  after  the  poet  Gothe  promulgated 
the  doctrine,  that  all  external  organs, 
of  whatever  nature,  are  metamor¬ 
phosed  leaves,  that  botanists  gained 
a  clue  by  which  the  mutual  relations 
of  plants  could  be  determined,  and  a 
flower  be  proved  to  be  analogous  in  its 
structure  to  a  branch  covered  with 
leaves.  For  this  grand  discovery  of 
necessity  led  to  the  conclusion,  that  if 
a  flower  be  really  a  collection  of  meta¬ 
morphosed  leaves,  and  consequently 
a  branch,  the  parts  of  a  flower  must  of 
necessity  bear  the  same  relation  to  one 


another  as  the  leaves  of  a  branch. 
And  this  is  the  true  basis  of  all  ideas 
regarding  the  parts  of  fructification  of 
plants.  It  may  indeed  appear  ridicu¬ 
lous  to  assert  that  the  fruit  of  a  peach 
is  nothing  but  a  peach-leaf  rolled  up 
and  thickened,  an  apple  only  the  leaves 
in  a  similar  state,  and  a  grain  of  wheat 
a  single  leaf  in  a  state  of  degeneration  ; 
and  yet  we  expect  to  be  able  to  set  this 
matter  before  our  readers  in  so  clear  a 
light,  as  to  convince  them  that  such  an 
assertion,  although  startling,  would  be 
very  nearly  true.  This  is  called  the 
doctrine  of  morphology. 

It  has  been  observed,  in  a  report 
made  to  the  British  Association  at 
their  meeting  at  Cambridge  in  1833, 
when  adverting  to  this  doctrine,  that 
when  those  who  first  seized  upon  the 
important  but  neglected  facts  out  of 
which  the  modern  theory  of  morpho¬ 
logy  has  been  constructed,  asserted 
that  all  the  appendages  of  the  axis  of 
a  plant  are  metamorphosed  leaves, 
more  was  certainly  stated  than  the 
evidence  would  justify ;  for  we  can¬ 
not  say  that  an  organ  is  a  metamor¬ 
phosed  leaf  w’hich,  in  point  of  fact, 
has  never  been  a  leaf.  What  was 
meant,  and  that  which  is  supported  by 
the  most  conclusive  evidence,  is,  that 
every  appendage  of  the  axis,  whether 
leaf,  bract,  sepal,  petal,  stamen,  or  car¬ 
pel,  is  originally  constructed  of  the 
same  elements,  arranged  upon  a  com¬ 
mon  plan,  and  varying  in  their  manner 
of  development,  not  on  account  of  any 
original  difference  in  structure,  but  on 
account  of  special  and  local  predis¬ 
posing  causes  ;  of  this  the  leaf  is  taken 
as  the  type  because  it  is  the  organ 
which  is  most  usually  the  result  of  the 
development  of  those  elements ;  is  that 
to  which  the  other  organs  generally 
revert  when,  from  any  accidental  dis¬ 
turbing  cause,  they  do  not  assume  the 
appearance  to  which  they  were  ori¬ 
ginally  predisposed;  and  moreover, 
is  that  in  which  we  have  the  most 
complete  state  of  organization.  It 
might  have  been  added  that  the  leaf 
moreover  can  always  be  most  distinctly 
traced  by  insensible  gradations  of  struc¬ 
ture  into  all  the  other  parts.  It  is  this 
which  we  now  propose  to  prove  ;  and 
being  proved,  it  will  show  the  truth  o 
the  axiom,  that  all  the  parts  of  a  flower 
must  necessarily  be  equal  to  each  other 
in  number,  and  alternate  with  each 
other,,  except  in  cases  of  abortion,  de¬ 
generation  and  adhesion. 
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The  course  we  shall  take  is  this  ;  we 
shall  prove,  1.  The  bract  to  be  a  modifi¬ 
cation  of  a  leaf ;  2.  The  sepal  to  be  a 
modification  of  a  bract ;  3.  The  petal 
of  a  sepal ;  4.  The  stamen  of  a  petal ; 
5.  The  carpel  of  a  leaf ;  and  6.  The 
ovule  of  a  leaf-bud  ;  and  we  shall  then 
have  demonstrated  the  whole  of  them 
to  be  modifications  of  leaves.  It  is 
also  to  be  remarked  that  if  this  can  be 
proved  of  any  normal  plants,  it  must 
be  true  of  all  such ;  for  as  their  parts 
are  manifestly  identical  in  nature,  that 
which  is  true  of  one  is  necessarily  true 
of  all. 

It  must  require  but  little  evidence 
to  convince  the  most  sceptical  reader 
that  a  bract  is  nothing  more  than  an 
imperfectly-formed  leaf.  Examine  it 
in  the  Lilac  ;  the  most  gradual  transi¬ 
tions  may  be  seen  from  the  one  to  the 
other;  or  examine  it  in  the  Paeony, the 
ivy-leaved  Speedwell,  and  the  common 
briar  Rose  (Rosa  canina).  This  being 
established,  it  follows  that  all  modifica¬ 
tions  of  bracts  are  also  imperfect  leaves, 
and  that,  therefore,  the  involucre  of  an 
Umbelliferous,  or  of  a  Composite,  plant, 
and  the  cup  of  an  acorn  are  also  aggre¬ 
gations  of  half-grown  leaves.  This  is 
step  the  first. 

The  transition  from  a  bract  to  a 
sepal  is  very  easy.  In  the  Strawberry, 
the  calyx  is  composed  of  five  bracts 
alternating  with  the  five  sepals,  and 
distinguishable  from  them  in  nothing 
but  size ;  in  the  Paeony,  the  leaves  in¬ 
sensibly  pass  into  bracts,  and  the  bracts 
into  petals ;  and  in  the  Carolina  All¬ 
spice  (Calycanthus),  the  same  gradual 
transition  is  strikingly  apparent.  Add 
to  this,  that  in  the  briar  Rose,  one  of  the 
sepals  is  always  pinnated  like  the  true 
leaves  ;  that  in  the  Tulip  the  sepals 
often  become  half  leaf  and  half  petal ; 
and  that  in  the  Apple,  Pear,  and  nume¬ 
rous  other  plants,  a  transformation  of 
sepals  into  leaves  is  of  common  oc¬ 
currence,  and  the  point  that  sepals  also 
are  leaves  may  be  considered  esta¬ 
blished. 

Difference  organically  between  petal 
and  sepal  there  is  none,  as  has  already 
been  shown  (p.  36);  consequently 
what  is  true  of  the  one  is  also  true  of 
the  other,  and  petals  also  are  leaves. 
We  may  as  well,  however,  add  to  what 
has  been  stated  in  the  place  referred 
to,  that  petals  will  occasionally  become 
leaves,  or  be  half  changed  to  them ; 
the  latter  is  common  in  the  Apple  and 
the  Pear,  it  also  occurs  in  some  varieties 


of  Rose,  and  has  been  seen  by  Du  Petit 
Thouars  in  theTropseolum.by  the  writer 
of  this  in  Sieversia  montana,  and  nu¬ 
merous  other  plants,  and  may  be  dis¬ 
covered  by  any  one  who  will  search 
diligently  for  it.  The  petal  is,  there¬ 
fore,  a  modification  of  a  leaf. 

A  stamen  is  less  obviously  like  a 
leaf  than  any  of  the  preceding  parts. 
And  yet  if  we  examine  it  in  the  white 
Water-lily,  its  relation  to  a  petal,  and 
consequently  to  a  leaf,  is  incontestable. 
In  the  white  Water-lily,  the  innermost 
petals  gradually  narrow,  and  become 
callous  at  the  point;  their  edges,  also, 
like  the  point,  become  insensibly  yel¬ 
low  and  dilated ;  at  last  a  cell  full  of 
pollen  is  formed  upon  their  edges,  and 
a  stamen  is  the  result ;  here  it  is  im¬ 
possible  to  distinguish  any  precise  limit 
between  the  petal  and  the  stamen,  but 
one  is  clearly  a  modification  of  the 
other;  the  same  maybe  said  of  the  Caro¬ 
lina  allspice.  In  double  Roses,  Paeonies, 
Tulips,  Anemones,  Ranunculuses,  &e., 
all  manner  of  transitions  from  stamens 
to  petals  may  be  detected ;  and  in  the 
Rose  oeillet  of  the  gardens  in  particular, 
it  is  clear  that  the  filament  of  a  stamen 
answers  to  the  claw,  and  the  anther  to 
the  limb  of  a  petal,  consequently  the 
filament  is  a  modification  of  the  pe¬ 
tiole,  and  the  anther  of  the  blade  of  a 
leaf.  The  probability  of  this  is  further 
shown  by  the  fact  that  the  two  lobes 
of  an  anther  answer  to  the  two  sides 
of  a  leaf,  and  the  connective  to  the 
midrib  ;  and  the  fact  is  proved  by  ac¬ 
cidental  productions,  such  as  occur 
now  and  then  in  Umbelliferous  plants, 
where  the  stamens  are  replaced  by 
small  leaves  on  long  stalks.  In  special 
cases  of  deformation,  the  stamens 
become  genuine  leaves,  as  in  the  Sie¬ 
versia  above  referred  to.  The  stamen, 
then,  is  a  modification  of  a  leaf. 

That  the  carpel  is  of  the  same  nature 
is  very  easily  shown,  not  only  by  its 
constant  tendency  to  revert  to  the  form 
of  a  leaf,  as  is  seen  in  double  Roses, 
Anemones,  Ranunculuses,  and  the  like, 
but  more  particularly  by  the  double 
Cherry,  in  whose  flowers  Nature  has 
written  her  laws  in  a  language  so 
simple,  and  positive,  that  none  but  the 
wilfully  blind  can  misunderstand  them. 
In  this  plant  the  centre  of  the  flower 
is  occupied  by  a  small  green  leaf  {fig. 
77,  a)  stationed  in  the  place  of  the  car¬ 
pel,  and  consisting  of  two  sides  folded 
together,  along  with  a  midrib  which 
is  longer  than  the  leaf  itself,  and 
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slightly  dilated  at  the  summit.  Upon 
comparing  several  of  these  leaves  in 
different  states,  with  the  perfect  carpel 
of  a  cherry  (fig.  77,  c),  it  is  obvious 
that  the  two  inflected  sides  of  the  leaf 
answer  to  the  ovary,  the  midrib  to  the 
style,  and  the  dilated  summit  of  the 
midrib  to  the  stigma  ;  and  if  we  com¬ 
pare  the  internal  structure  of  the  ovary 
with  a  section  of  the  carpellary  leaf 
of  the  cherry,  it  will  also  be  obvious 
that  the  inside  of  the  ovary  answers  to 
the  upper  surface  of  the  leaf,  the  ven¬ 
tral  suture  to  the  line  formed  by  the 
union  of  its  two  edges,  and  that  the 
placenta  is  merely  an  expansion  of  a 
portion  of  the  margin.  In  some 
instances  two  carpellary  leaves  occur 
in  a  flower  of  the  double  cherry,  as  at 
fig.  77,  b;  and  then  it  is  found  that 

Fig.  77. 


they  are  placed  directly  opposite  each 
other,  the  margins  being  nearly  in  con¬ 
tact  ;  so  also  when  by  any  accident  the 
cherry  has  two  real  carpels,  they  also 
occupy  the  same  position  with  respect 
to  each  other,  the  ventral  sutures,  and 
consequently  the  placentae,  being  con¬ 
tiguous  (fig.  77,  d).  That  the  carpel 
of  a  Cherry  is  a  leaf,  admits  then  of 
no  further  doubt,  and  consequently  a 
Cherry  fruit  must  also  be  a  leaf,  because 
the  fruit  is  nothing  whatever  but  the 
mature  state  of  the  carpel.  Nor,  in¬ 
deed,  are  the  changes  that  take  place 
in  the  structure  of  the  Cherry  between 
its  young  and  its  full-grown  state  by 
any  means  incompatible  with  the  ana¬ 
tomical  structure  of  a  common  leaf. 
The  stone  of  a  cherry  is  the  hardened 
lining  of  the  fruit ;  it  is  also  the  upper 
stratum  of  the  leaf,  which  consists,  as 
has  been  already  shown  (p.  29),  of  little 


bladders  placed  in  a  different  direction 
from  those  of  the  central  and  lower 
strata.  The  pulpy  portion  of  the 
cherry  will  then  arise  from  these  latter, 
distended  with  fluid  and  altered  in 
colour ;  the  former  phenomenon  occurs 
habitually  in  the  leaves  of  the  House- 
leek,  and  of  all  leafy  succulent  plants, 
and  the  alteration  in  colour  is  analogous 
to  what  happens  to  the  leaves  of  the 
purple  Beech,  the  scarlet  Maple,  black- 
fruited  Vines,  Virginian  creepers,  and 
many  other  well-known  plants,  in  the 
autumn,  when  they  have  reached  their 
full  maturity  as  leaves.  That  the  car¬ 
pel  is  a  leaf  is  thus  proved  to  demon¬ 
stration  ;  and  as  all  compound  fruits 
are  collections  of  carpels,  as  has  already 
been  stated  (p.  43),  it  follows  that  all 
fruits,  of  whatever  kind,  are  modified 
leaves. 

The  last  step  in  morphology  is  to 
show  that  ovules,  and  consequently 
seeds,  are  also  alterations  of  leaves.  As 
it  appears  from  what  has  just  been  said 
that  ovules  grow  upon  the  margins  of 
a  carpellary  leaf,  there  will  at  first  sight 
be  a  difficulty  in  reconciling  such  a 
function  with  the  well-known  fact  that 
leaves  do  not  in  general  bear  anything 
analogous  to  ovules.  But  although  it 
is  not  a  general  property  of  leaves  to  do 
this,  yet  it  occurs  in  a  sufficient  num¬ 
ber  of  cases  to  justify  the  conclusion 
that  it  may  constantly  occur  in  leaves 
whose  ordinary  functions  are  inter¬ 
fered  with  by  their  conversion  into  car¬ 
pels.  In  a  common  Indian  plant  called 
Bryophyllum,  the  leaves  are  capable  of 
forming  young  plants  in  t-he  crenelling 
of  their  border;  in  the  rare  little 
Malaxis  paludosa  of  our  marshes,  Hens- 
low  has  shown  that  bulbs  (*.  e.  buds, 
see  p.  13),  are  constantly  formed  at  the 
border  of  the  leaves ;  Ferns  often  root 
at  the  segments  of  their  leaves,  in  con¬ 
sequence  of  buds  being  formed  there  ; 
so  that  the  production  of  buds  by  leaves 
is  not  unknown.  Now  it  is  to  buds,  or 
bulbs,  that  ovules  are  to  be  compared  ; 
their  integuments  are  to  be  considered 
rudimentary  leaves,  analogous  to  the 
scales  of  a  leaf-bud,  and  they  have 
actually  been  seen  by  Henslow,  Engel- 
mann,  and  others,  to  change  into 
minute  leaves  in  certain  cases  of  mal¬ 
formation.  It  is  no  wonder,  then,  that 
bulbs,  buds,  and  seeds  (or  ripened 
ovules),  should  all  have  a  similar  power 
of  propagating  plants,  considering  that 
they  are  all  mere  modifications  of  one 
common  type. 
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It  still  remains  to  be  proved  that  the 
scales  of  a  leaf-bud,  to  which  we  have 
said  that  the  integuments  of  an  ovule 
are  analogous,  are  themselves  modified 
leaves.  It  is  true  that,  if  we  compare 
the  hard  shining  resinous  scales  of  the 
Tacamahae  poplar,  or  the  brown  woolly 
scales  of  the  scarlet  Horse-chestnut, 
with  the  leaves  of  those  trees,  we  shall 
be  at  a  loss  to  discover  any  resemblance 
between  them;  yet  by  watching  them 
in  their  growth  in  the  spring,  when 
the  leaves  are  first  unfolding,  we  shall 
make  out  their  identity  in  the  clearest 
manner.  Take,  for  instance,  the  scarlet 
Horse-chestnut,  or  the  Sycamore.  As 
soon  as  the  buds  are  unloosened  by  the 
movement  of  the  vital  principle  within 
them,  the  outer  scales,  which  are  dry 
and  dead,  are  gradually  forced  asunder 
by  others,  which,  although  like  them 
in  form,  still  maintain  their  living 
powers  ;  of  these  latter  the  most  exte¬ 
rior  lengthen  a  little,  becoming  green 
at  their  base,  but  remaining  scale-like 
at  their  point ;  those  next  within  them 
become  greener,  and  have  no  hardness 
at  the  end,  otherwise  resembling  them ; 
the  next  that  are  formed  produce  a 
little  leaf  at  their  points,  and  themselves 
contract  into  a  narrower  compass, 
resembling  a  petiole ;  finally  a  greater 
degree  of  contraction  at  the  base  and 
of  expansion  at  the  point  is  produced, 
and  a  perfect  leaf  is  the  result.  By 
this  means  we  are  able  thus  to  trace  in 
the  clearest  manner  the  identity  in 
nature  between  the  scales  of  leaf-buds 
and  leaves  themselves,  and  conse¬ 
quently  to  show  that  the  former  are  a 
stunted  form  of  the  latter. 

Thus  by  a  process  of  reasoning,  and 
of  demonstration,  in  which  no  fallacy 
can  be  involved,  and  in  which  not  a 
single  flaw  is  to  be  pointed  out,  we  are 
able  to  show  that  all  the  parts  of  a 
flower  are  modified  leaves,  analogous 
1o  modifications  of  another  nature, 
which  exist  in  the  form  of  scales  of  a 
leaf-bud.  Consequently  a  flower  is  a 
collection  of  leaves  placed  in  whorls, 
and  therefore  is  a  branch  with  a  short 
axis.  This  explains  how  it  happens 
that  one  flower  will  grow  out  of  another ; 
how  monstrous  Pears  are  formed,  in 
which  tier  upon  tier  of  fruit  rise,  from 
a  common  stalk ;  for  as  the  parts  of  a 
flower  are  leaves,  they  must  have,  like 
leaves,  the  power  of  forming  buds  in 
their  axils  ;  generally  they  do  not  form 
them,  but  if  they  do,  the  result  may 
cither  be  a  common  branch  growing 


out  of  a  flower,  as  in  many  Roses,  or 
a  new  flower  changing  to  fruit,  as  in 
malformations  of  the  pear. 

These  principles  being  established, 
they  are  necessarily  followed  by  certain 
results,  which  form  the  basis  of  the 
present  theory  of  floral  structure ;  and 
which  may  be  considered  to  have  con¬ 
duced  more  to  improve  our  knowledge 
of  botany  than  any  other  circumstance 
that  has  occurred  in  its  whole  history. 
These  results  are : — 

1.  That  each  series  of  floral  enve¬ 
lopes  must  normally  alternate  with  that 
which  preceded  it. 

2.  That  the  number  of  parts  in  every 
series  must  be  equal  to,  or  a  multiple  of, 
the  number  of  parts  in  the  first  or  outer 
series.  And 

3.  That  all  exceptions  are  owing 
either  to  multiplication,  abortion,  or 
adhesion  of  parts. 

A  few'  words  only  are  necessary  to 
demonstrate  this. 

That  every  series  in  a  flower  must 
necessarily  alternate  with  that  which 
precedes  it,  that  is  to  say,  that  petals 
must  alternate  with  sepals,  stamens 
with  petals,  and  carpels  with  stamens, 
as  is  well  shown  in  the  houseleek,  is 
founded  upon  the  necessary  alterna¬ 
tions  of  leaves  when  placed  in  whorls, 
as  is  explained  at  p.  22,  to  which  the 
reader  is  referred. 

That  the  number  of  parts  in  each 
series  must  be  the  multiple  or  equal  of 
the  number  in  the  outer  series,  is  a 
necessary  consequence  of  the  last  rule. 

That  it  may,  however,  be  interfered 
with  by  such  causes  as  multiplication, 
abortion,  or  adhesion,  maybe  easily  con¬ 
ceived,  and  will  be  as  easily  understood 
by  a  few  examples.  Fir.st,  as  to  multi¬ 
plication.  a  Cherry  l  fig.  78,  a)  has  a 
calyx  composed  of  five  sepals,  a  corolla 
of  five  petals,  and  twenty  stamens ; 
here  four  rows  of  stamens  are  con- 

Fig.  78. 


sidered  to  be  present,  all,  however, 
blended  into  one  whorl  by  the  close¬ 
ness  of  their  origin.  A  Squill  (fig.  78, 
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b)  has  three  sepals,  three  petals,  and 
six  stamens ;  that  is,  two  rows  of  the 
latter,  the  first  of  which  alternates  with 
the  petals,  and  the  second  with  the 
first.  This  will  be  at  once  obvious  if, 
in  the  above  and  succeeding  diagrams, 
the  outer  circle  is  considered  as  calyx, 
the  next  as  corolla,  the  following  as 
stamens,  and  the  centre  of  all  as  pistil ; 
the  black  dots  as  indicating  the  posi¬ 
tion  of  organs,  which  are  present  in 
a  perfect  state,  and  the  white  dots 
those  which  are  abortive. 

Secondly,  as  to  abortion :  a  Sage 
flower  (Salvia)  has  a  calyx  of five  sepals, 
a  corolla,  which,  however  irregular,  is 
made  up  of  five  petals,  and  only  two 
stamens  {fig.  79,  a) ;  here  three  sta¬ 
mens  are  abortive ;  and  upon  looking 
attentively  at  the  inside  of  the  tube  of 
the  corolla,  two  little  scales  are  often 
to  be  seen  growing  alternately  with  the 
petals,  exactly  in  the  place  where  the 
stamens  themselves  should  normally 
have  appeared :  two  of  such  scales 
are  very  often  in  other  genera,  other- 

Fig.  79. 


wise  constructed  exactly  like  the  Sage, 
developed  as  perfect  stamens  (fig.  79 
b) ;  and  in  some  others  even  the  fifth 


makes  its  appearance,  exactly  where  it 
should  normally  be  found.  In  the 
Primrose  the  stamens  are  equal  in 
number  to  the  petals,  but  opposite 
them  (fig.  79,  c) ;  in  this  case  the  first 
row  of  stamens  is  abortive,  and  the 
second,  which  is  the  only  one  that 
developes,  is  in  its  true  position ;  while 
in  Samolus,  a  plant  otherwise  formed 
upon  the  same  plan  as  the  Primrose, 
five  scales,  which  are  degenerate 
stamens,  appear  in  the  situation  of  the 
first  row  (fig.  79,  d).  In  the  genus 
Bauhinia  there  are  species  in  which, 
out  of  ten  stamens  five  only  are  perfect, 
or  even  a  smaller  number  (fig.  79,  e f) ; 
the  other  parts  remaining  in  a  normal 
condition.  In  the  carpels,  deviation 
from  the  true  number,  in  consequence 
of  abortion  or  non-development,  is  so 
common  as  not  to  be  worth  reciting. 

It  is,  however,  after  all,  in  adhesions 
more  particularly  that  apparent  devia¬ 
tions  from  normal  structure  take  place. 
A  papilionaceous  flower  consists  of 
five  petals  (p.  38) ;  the  calyx  should, 
therefore,  consist  of  five  sepals;  but 
in  the  Lupine,  and  many  others,  only 
two  sepals  are  discoverable.  In  reality 
there  are  five,  although  they  are  so 
combined  that  their  true  number  is  in¬ 
visible  ;  two  uniting  into  an  upper  and 
three  into  a  lower  lip  of  the  calyx 
(fig.  SO) ;  artd  in  like  manner  petals 

Fig.  80. 


adhere  till  their  true  number  is  lost 
sight  of,  as  in  the  white  Dead-nettle, 
the  calyx  of  many  Labiate  plants,  and 
a  host  of  other  things. 

The  reader  may,  however,  be  assured, 
that  in  all  such  cases  the  normal  pro¬ 
portions  are  easily  discoverable,  and 
that  the  laws  deduced  from  such  mor¬ 
phological  considerations  as  those 
which  have  been  explained,  are  fixed 
and  immutable. 
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In  strictness  it  is  in  this  division  of  our  subject  that  we  ought  to  treat  of 
the  structure  of  what  are  called  the  elementary  organs  of  plants,  to  which 
we  have  already  alluded  under  the  name  of  bladders,  air-vessels,  &c.  But 
as  they  may  be  considered  the  springs  by  whose  united  forces  the  functions 
of  vegetation  are  exclusively  regulated,  and  as  it  is  through  their  agency  that 
the  powers  of  earth,  air,  and  light  are  brought  to  bear  upon  the  living  system 
of  a  plant,  and  to  produce  all  those  curious  phaenomena  of  which  we  shall 
have  to  speak  almost  immediately  under  Physiology,  we  believe  the  plan 
of  this  treatise  will  be  best  preserved  by  deferring  an  explanation  of  the 
elementary  organs  till  the  appearance  of  the  next  part  of  our  undertaking. 
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Part  II. — Physiology. 

Chapter  I. 

Of  the  Elementary  Organs;  Cellular 

Tissue;  Woody  Tissue;  Vascular 

Tissue. 

Although  plants  are  furnished,  as 
has  now  been  seen,  with  many  differ¬ 
ent  organs,  by  means  of  which  the 
various  actions  of  their  life  are  per¬ 
formed,  yet  it  would  be  physically  im¬ 
possible  for  those  organs  to  adapt 
themselves  to  the  numerous  atmosphe¬ 
rical  and  other  conditions  to  which 
they  are  exposed,  and  to  feed,  breathe, 
digest,  or  grow,  deprived  as  they  are.  of 
everything  like  the  voluntary  powers 
of  animals,  if  it  were  not  for  certain 
small  but  highly  organized  parts,  of 
which  they,  and  all  the  organs  of 
which  they  consist,  are  composed. 
These  parts,  the  minuteness  of  which 
is  such  as  to  escape  the  observation 
except  when  aided  by  powerful  micro¬ 
scopes,  by  adhering  to  one  another  in 
particular  directions,  now  spreading 
into  thin  plates,  now  accumulating  in 
solids  of  various  forms,  constitute  the 
stem,  and  root,  the  leaves  and  all  that 
to  them  appertain,  and,  consequently, 
the  flowers,  fruit,  and  seed  of  plants, 
which  thus  are  to  be  considered  masses 
of  a  highly  curious  mechanism,  endued 
with  the  vital  principle. 

Such  minute  parts,  being  the  orga¬ 
nic  elements  of  plants,  receive  the 
name  of  elementary  organs.  They  may 
be  described  as  being  closed  sacs, 
formed  of  an  exceedingly  thin  trans¬ 
parent  membrane,  and  assuming  dif¬ 
ferent  forms,  according  to  the  duties 
they  may  have  to  perform,  now  thick¬ 
ening  at  their  sides,  now  lengthening, 
now.  forming  a  spiral  thread  in  their 
interior,  from  which  they  gain  elas¬ 
ticity,  extensibility,  and  a  certain  de¬ 
gree  of  impermeability. 

The  mode  of  illustration  adopted 
in  this  treatise  being  by  no  means 
favourable  to  the  representation  of  the 
appearance  of  such  organs  as  these, 
they  will  be  treated  of  very  concisely  ; 
especially  as  the  most  general  notion 
of  their  nature  is  sufficient  to  enable 
the  botanist  to  understand  their  mode 
of  action,  provided  his  notion  is  accu¬ 
rate  as  far  as  it  goes;  all  beyond  gene¬ 
ral  statements  belongs  to  Vegetable 
Anatomy,  of  which  we  have  no  inten¬ 
tion  to  treat  in  detail. 


$  1. — Cellular  Tissue. 

The  most  important  and  the  most 
common  of  the  elementary  organs  is 
cellular,  or,  as  the  French  better  call 
it,  vesicular  tissue.  When  cut 
through,  as  in  the  pith  of  the  Elder,  it 
appears  something  like  fine  honey¬ 
comb,  the  sides  of  whose  cavities, 
although  resembling  a  hexagon,  are 
nevertheless  exceedingly  irregular.  If 
a  portion  of  it  is  put  into  water  and 
looked  at  by  transmitted  light,  it  will 
be  found  nearly  colourless  and  trans¬ 
parent  ;  and  if  it  be  boiled  for  a  short 
time  in  water,  having  a  small  quantity 
of  potash  dissolved  in  it,  it  may  be 
easily  rubbed  between  the  fingers  into 
exceedingly  minute  bladders.  It  was 
these  bladders,  or  vesicles,  the  sides  of 
which,  when  cut  through,  caused  the 
honeycomb-like  appearance  that  was 
first  seen.  In  their  natural  state,  they 
adhere  firmly  to  each  other  ;  but  boil¬ 
ing  in  a  solution  of  potash  destroys 
their  adhesion  and  sets  them  free.  The 
pulp  of  a  Strawberry,  in  like  manner, 
consists  of  cellular  tissue  ;  but  instead 
of  being  empty,  as  in  the  Elder,  each 
little  bladder  is  filled  with  coloured 
fluid  :  in  this  instance  the  cells  or 
bladders  adhere  so  loosely  that  they 
may  be  separated  by  merely  rubbing 
the  pulp  gently  in  water.  In  half-dry 
fruits,  like  the  Jujube,  the  mealy  mat¬ 
ter  in  the  inside  of  the  dried  pods  of 
the  Tamarind,  or  the  Carob  bean,  the 
cells  separate  spontaneously.  Cellular 
tissue  is  composed,  then,  of  cellules  or 
little  bladders  in  a  state  of  adhesion  ; 
and  every  partition  in  a  mass  of  cellu¬ 
lar  tissue  must  be  double,  because  it 
consists  of  the  two  united  sides  of  two 
cellules  in  contact. 

Cellular  tissue  is  most  commonly 
composed  of  an  exceedingly  fine  trans¬ 
parent  membrane ;  but  this  latter,  in 
some  cases,  as  on  the  outside  of  leaves, 
or  in  the  bony  parts  of  fruits,  becomes 
so  extremely  thick,  that  its  very  cavity 
is  closed  up.  In  either  case,  it  appears 
to  the  eye,  even  when  aided  by  the 
most  powerful  magnifying  glasses,  to 
be  perfectly  homogeneous,  without  a 
trace  of  lines,  or  holes,  or  nettings,  or 
of  anything  of  the  sort ;  but,  as  it  has 
been  shown  by  Lindley  to  tear  with  a 
ragged  edge  ( Introduction  to  Botany, 
p.  2, 1. 1,  f.  6),  there  can  be  little  doubt 
that  its  ultimate  molecules  are  ar¬ 
ranged  in  such  an  order,  that  they  ad¬ 
here  more  forcibly  in  one  direction 
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than  in  another  ;  and  this  is  rendered 
the  more  probable  by  the  tendency 
which  this  kind  of  tissue  has  to  slit 
and  tear  in  a  definite  manner  when 
stretched,  after  being  full-grown.  An 
infinite  variety  of  forms,  in  which  this 
takes  place,  has  been  remarked  by 
Purkinje,  in  the  lining  of  anthers,  and 
elsewhere. — ( See  the  same  work,  p.  10, 
plate  2). 

In  size  the  cellules  of  cellular  tissue 
vary  from  the  IT^5  to  ~  of  an  inch. 
In  some  Fungi  they  are  so  small,  that 
it  has  been  calculated  that  a  sphere  of 
the  size  of  a  large  Gourd  will  contain 
forty-seven  million  millions ;  a  num¬ 
ber  so  large  that  it  is  difficult  for  the 
mind  to  comprehend  it  without  some¬ 
thing  to  compare  it  with ;  it  will  be 
more  intelligible  if  it  is  remembered 
that  if  all  the  cellules  of  such  a  gourd 
are  arranged  side  by  side,  and  two 
hundred  of  them  covered  an  inch, 
which  is  about  their  computed  size, 
they  would  extend  rather  more  than 
nine  hundred  miles. 

The  primitive  form  ot  a  bladder  of 
cellular  tissue  is  supposed  to  be  the 
dodecahedron,  and  it  is  thought  that 
all  other  forms  are  produced  by  exten¬ 
sion  or  compression.  If,  for  instance, 
the  two  poles  of  such  a  solid  were  to 
be  extended,  a  spindle-shaped  bladder, 
or  a  prism,  or  even  a  cylinder,  might 
be  the  result;  if,  on  the  contrary,  its 
sides  were  pressed  together,  it  might 
become  a  thin  disc ;  and  if  both  ex¬ 
tension  and  compression  act  simulta¬ 
neously,  other  forms  might  be  the  re¬ 
sult.  Thus  we  find  when  the  cells  of 
plants  are  formed  in  a  nearly  unresist¬ 
ing,  or  in  an  equally  resisting  medium, 
they  assume  most  nearly  the  form  of 
some  regular  spheroid,  as  in  the  pith 
and  the  pulp  of  leaves  and  fruits. 
When  they  are  generated  in  parts 
growing  with  great  rapidity  in  some 
particular  direction,  as  in  the  succu¬ 
lent  stems  of  many  herbaceous  plants, 
the  stalks  of  leaves,  &c.,  they  assume 
a  prismatical  or  cylindrical  form;  and 
when  they  are  jammed  firmly  between 
harder  bodies,  as  in  the  medullary  pro¬ 
cesses,  4hey  become  thin  plates.  This 
is  particularly  conspicuous  in  the  me¬ 
dullary  processes,  the  cellular  tissue  of 
which  is  called  muriform,  because,  con¬ 
sisting  of  regular  thin  parallelograms, 
it  looks  as  if  built  up  with  bricks,  as  the 
wall  of  a  house  is  {fig.  89).  In  some 
cases,  as  in  the  inside  of  leaves,  the 
cellules  look  as  if  lobed,  as  is  repre¬ 


sented  at  page  29,  fig.  34 ;  this  may 
in  some  measure  arise  from  the  un¬ 
equal  pressure  of  air  upon  them  at  the 
time  of  their  development ;  but  it  is 
chiefly  an  optical  deception,  the  lobes 
being  nothing  more  than  cells  grown 
irregularly  together. 

Fig.  81. 


The  kinds  of  cellular  tissue  which 
have  now  been  described,  however  dif¬ 
ferent  from  one  another,  are  neverthe¬ 
less  very  obviously  slight  modifications 
of  one  primitive  type;  besides  these, 
there  are  others  which  are  less  easily 
reducible  to  it.  These  are  fibro-mem- 
branous  and  fibrous,  and  what  are 
called  dotted  ducts. 

Fibro-membranous  (or  reticulated) 
cellular  tissue  (fig.  82,  b)  is  common 
cellular  tissue,  with  a  spiral  fibre  gene¬ 
rated  in  the  inside  of  each  cell  orbladder. 
It  has  no  elasticity,  nor  anything,  as 
far  as  we  know,  to  distinguish  it,  except 
this  circumstance ;  its  most  usual  situ¬ 
ation  is  in  the  skin  of  seeds,  in  some 
of  the  winged  kinds  of  which  it  is  a 
most  beautiful  object,  as  in  those  of 
Eccremocarpus  scaber  ;  it  constitutes 
the  entire  plant  of  the  moss  Sphag- 
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num;  forms  the  tubes  called  elaters, 
by  means  of  which  the  spores  of  Jun- 
germannias  are  dispersed  ;  and  is  met 
with  occasionally  in  the  inside  of  the 
leaves  of  many  plants.  The  particular 
use  of  this  tissue  is  unknown. 


Fibrous  cellular  tissue  is  more  un¬ 
common  ;  it  is  formed  by  a  fibre  either 
twisted  spirally,  or  arranged  irregu¬ 
larly,  without  any  membrane ;  by  which 
circumstance  it  is  immediately  known 
from  all  other  elementary  organs.  In 
the  lining  of  the  anther  it  is  very  com¬ 
mon  ;  and  it  also  exists  upon  the  sur¬ 
face  of  certain  seeds,  which,  when 
moistened,  become  covered  with  muci¬ 
lage,  such  as  Wild  Clary  (Salvia  Verbe- 
naca)  and  Collomia  linearis  {fig.  82,  a). 
If  a  seed  of  this  latter  be  placed  under 
a  microscope  in  water,  it  will,  in  a  few 
moments,  project  from  its  surface  an 
immense  multitude  of  little  spiral 
threads,  which  expand  in  the  water 
and  surround  the  seed  like  a  coating  of 
the  most  delicate  gauze.  This  appear¬ 
ance  is  produced  by  the  liberation  of 
the  cells  of  fibrous  tissue,  which  are 
set  loose  in  consequence  of  the  hard 
mucilage  amongst  which  they  lie  being 
softened,  and  dart  forward  into  the 
circumambient  fluid,  like  so  many 
little  spiral  springs,  liberated  by  the 
removal  of  a  weight  which  confined 
them.  Of  this  kind  of  tissue  the  use 
is  undiscovered. 


Dotted  Ducts  {fig.  83,  a)  are  formed 
of  series  of  short  cylindrical  cells,  placed 
Fig.  83. 


a  a  a  a  a  a 


end  to  end,  so  as  to  constitute  slender 
columns,  extending  the  whole  length  of 


many  stems.  These  cylinders  are  more 
or  less  oblique  at  their  extremities,  and 
are  always  marked  with  rows  of  dots, 
which  appear  to  be  grains  of  green 
amylaceous  matter;  at  first,  the  ends 
of  the  cylinders  are  imperforate,  and, 
consequently,  each  column  is  com¬ 
posed  of  a  vast  number  of  closed  cavi¬ 
ties  ;  but,  after  a  time,  the  ends  of  the 
cylinders  are  torn  open,  and  the  cavi¬ 
ties  communicate  freely  with  each 
other,  so  as  to  form  a  tube.  At  the 
places  where  the  short  cylinders  join, 
oblique  lines  are  seen  externally,  which 
are  caused  by  the  junction  of  the  cylin¬ 
ders,  and  being  usually  more  or  less 
oblique,  they  give  the  dotted  duct 
something  the  appearance  of  a  modifi¬ 
cation  of  the  spiral  vessel :  hence  it 
has  usually  been  referred  to  vascular 
tissue.  It  is,  however,  quite  certain, 
from  the  inquiries  of  modern  observers, 
that  it  is,  in  fact,  such  a  modification 
of  cellular  tissue  as  we  have  described. 
Much  uncertainty  exists  as  to  its  real 
office ;  it  appears,  when  first  formed, 
to  contain  air ;  but  after  the  rupture  of 
the  ends  of  the  cylinders  it  certainly  is 
filled  with  fluid  at  the  time  when  the 
sap  is  most  rapidly  in  motion ;  and 
afterwards  it  again  becomes  empty. 
It  is  exclusively  found  in  the  wood,  of 
which  it  is  one  of  the  parts  most  early 
formed.  When  you  look  at  a  trans¬ 
verse  section  of  a  piece  of  Oak  or 
Hazel,  or  Cane,  the  little  holes  which 
give  those  woods  a  porous  appearance 
are  the  mouths  of  dotted  ducts.  They 
are  unknown  in  Coniferous  trees,  are 
unfrequent  in  herbaceous  stems,  but 
may  be  found  with  great  facility  in 
thin  slices  of  the  wood  of  beach  or  oak. 

Cellular  tissue  of  the  common  kind, 
bears  the  same  relation  to  the  vege¬ 
table  as  flesh  to  the  animal  frame.  It 
is  the  basis  of  every  part  of  which  a 
plant  consists ;  and  very  often,  as  in 
Mosses  and  the  lower  tribes  of  vegeta¬ 
tion,  it  is  the  only  kind  of  tissue  that 
is  formed.  In  trees,  and  other  woody 
plants,  it  constitutes  exclusively  the 
pith,  the  parenchyma  of  the  leaves,  the 
sepals,  petals,  stamens  and  carpels,  the 
cuticle,  the  stigma,  and  the  ovules ;  in 
Exogens  it  forms  the  medullary  pro¬ 
cesses,  and  the  principal  part  of  the 
bark ;  in  Endogens  it  constitutes  the 
whole  of  the  spongy  substance  in  the 
interior  of  their  stems.  It  is  absent 
only  from  the  plates  of  pure  woody 
matter  of  the  stem,  and  from  the  veins 
of  leaves,  &c.,  which,  in  reality,  are 
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an  emanation  of  the  woody  system. 
( See  page  21.) 

Cellular  tissue  is  supposed  to  be 
capable  of  performing,  by  itself,  all  the 
more  important  of  the  vital  actions  of 
vegetation ;  because  there  are  many 
plants  which  live,  grow,  and  propagate 
themselves,  without  possessing  any 
other  kind  of  tissue.  "When  combined 
with  other  forms  it  has,  however,  cer¬ 
tain  objects  in  particular,  for  which  it 
is  destined.  One  of  its  greatest  func¬ 
tions  is  to  absorb  moisture  or  gaseous 
matter,  and  to  part  with  it  again,  act¬ 
ing  as  a  sort  of  living  filter.  If  you 
place  a  slice  of  Elder-pith  upon  a  glass, 
and  allow  it  to  communicate  by  ever 
so  small  a  space  with  water,  the  whole 
mass  will  be  speedily  saturated ;  and, 
on  the  other  hand,  it  will  as  speedily 
part  with  its  water  if  exposed  to  a  dry 
atmosphere  ;  not  always,  howrever ;  for 
in  some  cases,  such  as  succulent  plants, 
it  parts  with  water  very  slowly;  it, 
however,  does  lose  it  by  evaporation 
through  its  membranous  sides.  The 
latter,  then,  are  eminently  hygrome- 
trical,  and  as  they  permit  mere  water  to 
pass  through  them  readily,  we  must 
suppose  them  to  be  pierced  with  holes, 
although  the  latter  are  so  fine,  that 
the  most  powerful  microscopes  that 
have  yet  been  invented  have  failed  to 
detect  them  *. 

Having  the  power  of  absorption  in 
this  high  degree,  cellular  tissue  will 
consequently  be  well  adapted  for  trans¬ 
mitting  the  fluids  of  plants  from  place 
to  place ;  and  accordingly  we  find  it 
evidently  performing  this  office  where- 
ever  a  very  rapid  transmission  is  not 
required.  Being  in  many  cases  com¬ 
posed  of  sacs  of  a  spheroidal  shape,  it 
can  allow  fluids  to  pass  indifferently,  in 
whatever  direction  a  higher-propelling 
force  may  exert  itself ;  or  when  the 
sacs  have  an  elongated  figure,  it  will 
then  serve  to  conduct  the  juices  in  the 
direction  of  the  greatest  diameter  of 
the  sacs.  Thus,  in  pith,  there  is  no 
particular  direction  in  which  the  sap 
is  conducted,  but  it  is  conveyed  by  the 
spheroidal  sacs  of  that  part  to  what¬ 
ever  portion  of  the  contiguous  tissue  it 
is  required  to  feed  ;  in  the  medullary 
processes,  on  the  contrary,  in  which 
the  cells  are  flat  parallelograms,  with 
their  principal  axes  directed  from  the 
bark  to  the  pith,  it  is  in  that  direction 

*  The  old  opinions  concerning  the  presence  of 
visible  pores  in  the  sides  of  cellular  tissue  were 
errors. 


only  that  the  mural  cellular  tissue  is 
destined  to  convey  the  secretions. 

Further,  the  sacs  of  cellular  tissue 
being  the  sole  recipients  of  the  sap  of 
plants,  properly  so  called,  are  the  parts 
in  which  all  the  elaboration  of  the 
fluid  matter  of  vegetation  takes  place  ; 
it  is  in  them  that  the  crude  sap  is  de¬ 
posited,  in  order  to  receive  the  influ¬ 
ence  of  light  and  air;  it  is  in  them 
that  it  thickens  by  evaporation,  and 
that  it  assimilates  the  various  fluid 
substances  that  are  mixed  in  it ;  it  is 
exclusively  in  the  sacs  of  cellular  tissue 
that  the  perpetual  decomposition  of 
carbonic  acid  is  going  on,  by  means  of 
which  the  carbon  of  the  atmosphere  is 
refixed  and  restored  to  the  material 
substances  of  the  earth;  and,  finally, 
it  is  by  the  same  power  of  transmis¬ 
sion,  of  which  we  have  already  spoken, 
that  the  juices,  altered  and  elaborated 
till  they  have  acquired  the  properties 
peculiar  to  each  species,  are  conveyed 
from  the  vegetable  stomachs,  as  leaves 
may  be  called,  to  the  bark,  stem,  and 
root. 

Cellular  tissue  is  moreover  the  grand 
agent,  by  means  of  which  manyofwhat 
may  be  termed  the  mechanical  forces 
of  plants  are  exerted.  If,  for  instance, 
there  are  two  parts  to  be  torn  asunder 
by  contraction,  as  in  the  valves  of  the 
anther,  it  is  by  the  shrinking  of  cellu¬ 
lar  tissue  that  it  is  effected ;  or  if  one 
part  is  to  be  burst  by  the  swelling  of 
another,  as  the  Spirting  Cucumber,  it  is 
to  the  same  kind  of  tissue  that  this 
office  is  entrusted  by  nature.  In  fine, 
it  is  the  most  delicate,  the  most  coarse, 
the  most  universal,  the  most  pliable, 
and  the  most  energetic  of  all  the  ele¬ 
mentary  organs  of  vegetation. 

§  2. —  Woody  Tissue. 

This,  which  is  also  called  woody 
fibre,  consists  of  thick-sided  transpa¬ 
rent  tubes,  terminated  at  each  end  in 
a  conical  manner,  and  applied  to  one 
another  in  considerable  numbers,  so  as 
to  form  bundles  of  great  strength  and 
elasticity.  It  is  by  some  considered  a 
mere  form  of  cellular  tissue ;  but  it 
differs  most  essentially  from  that  in 
three  important  circumstances — firstly, 
in  its  toughness;  secondly,  in  its  very 
great  length  ;  and  thirdly,  in  its  taper¬ 
ing  extremities.  Cellular  tissue,  when 
much  elongated,  usually  forms  trun¬ 
cated  cylinders,  as  in  Cotton,  which  is 
a  good  illustration  of  it  in  a  lengthened 
state ;  when  thick-sided  it  is  rarely 
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tough  and  elastic  ;  and  tne  longest  spe¬ 
cimens  of  tubular  cellular  tissue  are 
shorter  than  the  shortest  specimens  of 
woody  fibre.  The  latter  is  little  subject 
to  variation,  except  in  calibre,  in  which 
respect  it  is  found  between  and  of 
an  inch :  how  slender  its  tubes  usually 
are  may  be  understood  from  this,  that 
in  hemp,  which  is  a  preparation  of  the 
woody  tissue  of  the  Hemp- plant,  it  is 
six  times  finer  than  a  human  hair  ; 
each  of  the  filaments  into  which  this 
substance  is  mechanically  divided  be¬ 
fore  being  twisted  into  thread,  con¬ 
sisting  of  a  considerable  number  of 
tubes  of  woody  tissue. 

It  is  in  Coniferous  plants  chiefly  that 
the  most  important  of  its  modifications 
occurs.  In  these  plants,  the  sides  of 
the  tubes,  which  are  of  considerable 
diameter  for  this  kind  of  tissue,  are 
marked  with  large  oval  glands,  which 
are  placed  either  in  single  or  in  double 
rows,  and  which  appear  as  if  they  had 
a  hole  or  a  pimple  in  their  centre  {Jig. 
84,  a).  Dr.  Mohl,  of  Munich,  has  lately 

Fig.  84. 


endeavoured  to  show  that  these  glands 
are  shallow  depressions  or  openings  from 
one  tube  to  another,  as  is  represented 
at  Jig.  84,  c— the  central  pimple  being 
in  reality  a  pore  ;  and  he  represents  the 
appearance  of  sections  of  such  parts  in 
considerable  detail ;  but  as  no  one  has 
in  this  country  been  yet  able  to  detect 
what  this  botanist  represents,  even 
when  assisted  by  the  finest  instru¬ 
ments,  we  must  be  permitted  to  doubt 
whether  he  has  not  been  misled  by 
imperfect  observations ;  especially  as 
there  is  no  such  thing,  in  fact,  as  vi¬ 
sible  pores  in  any  kind  of  tissue,  as  far 
as  has  yet  been  detected.  What  makes 
glandular  woody-Jibre  more  remarkable 
than  it  otherwise  would  be,  is  its  ex¬ 
clusive  occurrence  in  Coniferous  plants, 
and  genera  related  to  them  ;  on  which 
account  it  has  been  found  of  consider¬ 
able  importance  in  determining  the 


real  nature  of  many  mineralized  trunks 
found  imbedded  in  the  early  strata  of 
the  earth.  The  reader,  who  would  like 
to  obtain  a  clear  view  of  it,  has  nothing 
more  to  do  than  to  take  a  thin  shaving 
of  a  piece  of  Pine-wood,  such  as  a  car¬ 
penter’s  plane  will  produce,  and  to 
place  it  in  water,  beneath  a  microscope 
that  will  magnify  about  fifty  diameters. 
The  great  use  of  woody-fibre  is  to  give 
strength  to  every  part,  and  to  protect 
certain  of  the  more  delicate  organs  :  it 
may  be  considered  at  once  the  bones  and 
sinews  of  vegetation.  If  it  were  not  for 
it,  the  stem  of  a  Willow  would  be  as 
brittle  as  that  of  a  Mushroom  ;  but  lying 
as  it  does  across  the  cellular  tissue,  it 
binds  it  together,  and  renders  all  the 
parts  tough  by  means  of  its  own  elasti¬ 
city  and  strength.  It  occurs  in  the 
wood,  of  whose  plates  or  bundles  it 
constitutes  the  principal  part ;  in  the 
bark,  in  smaller  quantity  ;  in  the  stalks 
and  veins  of  leaves,  and  in  the  husk  of 
fruits.  In  the  latter  positions  it  forms  a 
sheath  to  the  vascular  tissue  {Jig.  8G,  c), 
rendering  the  latter  at  once  flexible  and 
protected  from  injury.  It  appears 
highly  probable,  that  in  addition  to 
these  properties,  woody  fibre  has  the 
office  of  conveying  fluids  in  certain  di¬ 
rections  ;  as,  for  example,  up  the  stem 
from  the  roots,  along  the  veins  from  the 
stem,  and  down  the  bark  from  the 
leaves.  It  is  true  that,  from  the  impos¬ 
sibility  of  actually  observing  the  march 
of  fluids  in  parts  so  minute  and  easily 
injured  as  vegetable  tissue,  no  one  has 
been  able  to  demonstrate  this  ;  yet  one 
can  hardly  doubt  that  such  is  really 
its  function,  when  we  consider  how  ra¬ 
pidly  the  sap  flows  up  the  stem  of  a 
tree,  which  consists  chiefly  of  woody 
fibre ;  and  that,  when  coloured  infu¬ 
sions  are  compelled  to  enter  the  system 
of  a  plant,  they  are  uniformly  found  to 
pass  to  the  very  extremity  of  the  veins, 
whither  it  would  seem  impossible  that 
they  should  be  conveyed,  except  by 
means  of  woody  fibre. 

$  3. —  Vascular  Tissue. 

Under  this  head  is  comprehended 
every  form  of  tissue  which  does  not  be¬ 
long  to  the  cellular  and  the  woody, 
The  type  of  it  may  be  considered  the 
spiral  vessel,  from  which  the  other 
forms  probably  are  deviations  produced 
by  accidental  circumstances. 

A  spiral  vessel  {Jig.  85,  d)  is  a  cylin¬ 
der,  tapering  to  a  cone  at  each  end,  com*- 
posed  of  exceedingly  thin  membrane,  in 
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the  inside  of  which  one  oi  more  fibres 
are  rolled  in  a  spiral  manner,  so  closely 

Fig.  85. 


a 


that  the  spires  all  touch  each  other. 
When  at  rest,  it  resembles  a  wire 
spring,  and,  like  that  contrivance,  is  so 
elastic,  that  it  will  contract,  when  ex¬ 
tended  by  stretching  the  two  ends. 

The  toughness  of  the  fibre,  of  which 
a  spiral  vessel  is  formed,  is  quite  ex¬ 
traordinary,  when  compared  with  its 
excessive  fineness.  If  you  pull  the 
stalk  of  a  Strawberry  leaf  asunder, 
gently,  or  the  young  shoot  of  a  Dog¬ 
wood,  the  spiral  vessels  will  be  unrolled 
in  great  numbers,  resembling  the 
threads  of  a  spider’s  web  ;  by  stretch¬ 
ing  them  gradually  they  may  be  broken, 
one  alter  the  other,  till  at  last  only  two 
or  three  fibres  remain  ;  and  they  will 
be  found  tough  enough  to  bear  the 
weight  of  a  considerable  piece  of  the 
stem  or  leaf  to  which  they  belong. 

Spiral  vessels  are  generally  seen  by 
learners  in  an  unrolled  state,  which  is 
the  most  easy  to  obtain,  but  the  worst 
calculated  to  give  a  correct  idea  of  their 
real  nature  ;  for  what  notion  can  be 
formed  of  the  original  position  of  their 
parts  by  viewing  a  parcel  of  entangled 
silver  threads,  glittering  in  the  light, 
as  a  mere  object  of  curiosity  ?  One  of 
the  best  modes  of  seeing  them  is  to 
take  a  piece  of  Asparagus,  in  the  boiled 
state  in  which  it  is  brought  to  table, 
and  to  tear  it  in  pieces  in  water.  By 
means  of  a  little  careful  tearing  and 
cleaning,  you  may  extract  from  the 
pulp,  which  is  cellular  tissue,  a  quan¬ 
tity  of  fibrous  bundles,  which  are  in 
part  woody  fibre,  and  in  part  spiral 
vessels ;  the  elasticity  and  disposition 
to  unrol,  in  the  latter,  being  destroyed 
by  the  boiling,  they  may  be  easily  se¬ 
parated  in  an  entire  state,  when  their 


terminations  and  the  true  position  of 
their  internal  fibre  will  be  distinctly 
perceived. 

Spiral  vessels  are  confined  to  the 
veins  of  leaves,  and  of  those  parts 
which  are  modifications  of  leaves,  such 
as  sepals,  petals,  stamens,  carpels,  and 
fruit ;  and  to  certain  places  in  the 
stem.  In  the  stems  of  Exogens,  they 
form  the  medullary  sheath  (see  page  16 
and  fig.  13  c),  from  which  they  diverge 
into  the  leaves,  &c.  In  Endogens  they 
form  the  central  part  of  every  bundle  of 
woody  matter,  and  from  these  bundles 
pass  into  the  veins  of  the  leaves,  which 
are  mere  externa1  elongations  of  the 
bundles.  They  are  absent  from  the 
bark  of  all  plants  (except  Nepen¬ 
thes),  and  are  only  found  in  the  root 
of  Endogens.  In  plants  which  never 
bear  flowers,  they  are  altogether  want¬ 
ing,  except  in  the  form  of  ducts  ;  the 
nature  of  which  will  be  explained  pre¬ 
sently. 

If  a  stem  is  cut  across  under  water, 
air-bubbles  form  immediately  at  the 
mouths  of  the  spiral  vessels.  If  a  thin 
longitudinal  slice  of  live  vegetable 
matter  is  viewed  under  similar  circum¬ 
stances,  its  spiral  vessels  will  be  seen 
dark  and  distended  with  air ;  sub¬ 
mitted  to  the  action  of  the  air-pump, 
proofs  are  furnished  of  a  similar  na¬ 
ture  ;  hence  spiral  vessels  are  con¬ 
sidered  respiratory  organs,  and  the 
French  call  them  tracheae.  Bischoff 
has  analyzed  the  air  they  contain,  and 
found  it  contain  6  or  7  per  cent,  more 
of  oxygen  than  atmospheric  air.  From 
what  source  the  additional  oxygen  is 
obtained  is  as  yet  unknown ;  but  it  may 
be  conjectured  to  be  produced  by  the 
decomposition  of  carbonic  acid  in  the 
tissue  that  lies  in  the  vicinity  of  the  ves¬ 
sels.  There  are  those,  indeed,  who  insist 
upon  the  spiral  vessels  being  intended 
for  the  conveyance  of  fluid.  But  with 
reference  to  this  opinion,  it  is  sufficient 
to  remark,  1st,  that  these  writers  evi¬ 
dently  confound  ducts  and  dotted  ves¬ 
sels  with  the  spiral,  which  is  a  most 
important  error  ;  2nd,  that  even  if 
fluids  are  occasionally  found  in  old 
spiral  vessels,  that  may  only  show  that 
they  admit  water  through  their  sides, 
when  theiraeriferous  functions  are  over; 
3rd,  that  the  close  coils  of  fibre  which 
line  their  inside,  seem  well  contrived 
for  hindering  the  escape  of  air,  and  the 
introduction  of  water ;  and,  4th,  that 
there  appears  to  be  no  provision  for  the 
conveyance  of  air  through  the  central 
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parts  of  plants,  if  that  office  is  not  per¬ 
formed  by  the  spiral  vessels. 

Ducts  are  organs  having  a  great  re¬ 
semblance  to  spiral  vessels,  and  are 
probably  a  mere  modification  of  them  ; 
they  are  chiefly  distinguished  by  their 
want  of  elasticity,  and  of  the  power  of 
unrolling.  Like  the  spiral  vessels  thej 
consist  of  a  very  thin  cylinder,  termi¬ 
nating  in  conical  extremities,  and  hav- 
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ing  a  fibre  twisted,  spirally  in  its  in¬ 
side  ;  but  the  spires  of  the  fibre  are 
brittle,  so  that  they  snap  when 
stretched,  instead  of  unrolling.  In  the 
closed  duct  (Jig.  86,  a),  the  fibre  is  placed 
exactly  as  in  the  spiral  vessel ;  in  the 
annular  (fig.  86,  b),  the  spires  seem 
broken  into  rings,  which  join  at  their 
extremities,  and  give  the  organ  the  ap¬ 
pearance  of  a  tube  partially  filled  with 
rings  lying  irregularly  in  the  inside; 
and  in  the  reticulated  (fig.  90  d),  the 
spires  of  fibre  touch,  and  grow  together 
in  so  irregular  a  manner  as  to  form  a 
sort  of  netted  bag,  with  very  unequal 
meshes. 

The  closed  duct  is  found  principally 
in  Acrogens,  in  which  it  represents 
the  spiral  vessel ;  the  others  are  little 
known,  except  in  the  herbaceous  stems 
of  plants  which  grow  with  considerable 
rapidity.  They  occasionally  occur  in 
wood,  especially  of  the  Coniferous  kind. 
One  of  the  best  plants  to  examine  for 
the  annular  and  reticulated  duct,  is 
the  Garden  Balsam,  or  the  Touch-me- 
not  (Impatiens),  in  whose  stems  they 
are  abundant. 

Their  office  seems  to  be  to  convey 
fluid  at  one  period  of  their  existence, 
whatever  it  may  originally  have  been ; 
for  they  are  certainly  filled  with  sap 
in  such  plants  as  those  to  which  we 
have  just  referred.  Considering  their 
relation  in  structure  to  spiral  vessels, 
one  cannot  avoid  suspecting  that  to 
convey  air  was  their  original  destina¬ 
tion  ;  but  if  so,  this  must  have  ceased 
soon  after  their  first  creation ;  for  the 


thinness  of  their  sides,  and  the  very 
imperfect  manner  in  which  they  are 
guarded  internally  by  fibrous  spires, 
are  such  that  no  resistance  would  be 
offered  by  them  to  the  infiltration  of 
fluid  from  the  tissue  that  surrounds 
them. 

By  what  means  vessels  communicate 
is  not  very  certain.  Mr.  Slack  repre¬ 
sents  their  extremities  to  be  absorbed 
where  they  touch,  the  membrane  disap¬ 
pearing,  and  the  fibre  only  remaining 
in  the  form  of  a  sort  of  grating  placed 
across  the  aperture.  Is  this  a  general 
fact,  or  is  it  confined  to  special  cases  ? 

Many  attempts  have  been  made  to 
determine  the  true  functions  of  these 
and  the  other  kinds  of  tissue  by  caus¬ 
ing  coloured  infusions  to  ascend  them ; 
but  the  artificial  and  unnatural  cir¬ 
cumstances  under  which  such  experi¬ 
ments  have  been  performed,  the  great 
difficulty  of  telling  whether  such  mi¬ 
nute  organs  are  really  coloured  by  mat¬ 
ter  that  has  introduced  itself  into  their 
cavity,  or  are  only  apparently  so  in 
consequence  of  the  colouring  matter 
shining  through  their  transparent 
sides,  and  more  especially  the  impos¬ 
sibility  of  ascertaining  that  fluids  do 
not  rise  through  the  intercellular  pas¬ 
sages,  have  rendered  all  such  attempts 
so  unsatisfactory  that  they  are  not 
worth  describing  here. 

Intercellular  passages  are  the  spaces 
necessarily  left  between  the  sides  of 
the  vesicles  or  tubes  of  tissue  when 
placed  in  contact.  If  those  vesicles  or 
tubes  were  regular  polygons  or  prisms, 
they  might  be  so  fitted  together  that 
no  spaces  would  be  left  between  them ; 
but  being  always  irregular,  and  usually 
spheroids  or  true  cylinders,  they  are,  in 
fact,  analogous  to  a  heap  of  bladders, 
or  bundles  of  straws  packed  together, 
between  the  component  parts  of  which 
considerable  spaces  must  necessarily 
be  left.  It  is  these  which,  under  the 
name  of  intercellular  passages,  are 
supposed  to  assist  materially  in  con¬ 
veying  the  fluids  of  plants  from  one 
part  to  another.  They  are,  therefore, 
not  special  organs,  but  only  passages 
between  other  organs.  Of  the  same 
nature  are  what  are  called  turpentine 
vessels,  receptacles  of  oil,  and  air-cells. 
The  two  first  are  mere  cysts ;  the 
former  fistular,  the  latter  spheroidal, 
formed  in  tissue,  into  which  the  secre¬ 
tions  of  a  plant  are  drained;  the  short 
irregular  tubes  in  which  turpentine 
lies  in  the  bark  of  a  Fir  tree  are  an  ex- 
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ample  of  the  former:  the  numerous 
cavities  containing  essential  oil,  in  the 
rind  of  an  orange,  of  the  latter.  Air- 
cells  {fig.  87)  are  cavities  formed  in  the 

Fig.  87. 


leaf  or  stem,  for  the  purpose  of  enabling 
a  plant  to  float  in  water.  They  are 
built  up  with  a  degree  of  regularity 
which  is  most  admirable  :  having  their 
sides  composed  of  cellular  tissue  in 
different  forms,  now  round,  now 
lengthened,  now  angular,  according  to 
the  situation  it  occupies  in  the  sides 
or  angles  of  the  cavity,  and  evidently 
contrived  with  the  most  careful  fore¬ 
sight  :  those  parts  having  forms 
adapted  to  stretching  where  any  strain 
is  likely  to  occur,  and  those  being  solid 
and  unextensible  where  there  is  merely 
weight  to  sustain.  Than  these  air- 
cells  there  is  not  one  of  all  the  works 
of  the  creation  more  richly  deserving 
the  attention  of  the  philosopher,  who 
seeks  for  illustrations  of  the  design 
and  skill  of  the  divine  Artificer  of 
Nature.  The  leaf-stalk  or  stem  of  a 
floating  Crowfoot,  or  the  Duck-weed, 
obscure  and  insignificant  weeds  as 
they  seem,  exhibit  an  elaborate  per¬ 
fection  of  workmanship,  employed 
merely  to  render  such  objects  buoyant 
in  water,  infinitely  beyond  the  most 
exquisite  architecture  of  the  most 
gorgeous  temple  in  the  universe. 

Different  as  are  the  various  forms  of 
tissue  which  have  been  now  described, 
it  is  the  opinion  of  some  distinguished 
vegetable  anatomists  that  they  are  all 
mere  modifications  of  the  vesicle  or 
cellule ;  this  is,  in  particular,  the  view 
lately  taken  of  the  subject  by  Mirbel. 
This  distinguished  botanist,  in  a  most 
curious  paper  on  Marchantia,  to  which 
allusion  has  been  made  on  more  than 
one  occasion,  asserts  that  he  has  seen 
common  rounded  cells  of  cellular  tissue 
develope  into  long  slender  tubes,  ta¬ 
pering  into  each  end ;  that  those,  which 
originally  have  “  membranous,  thin, 
even,  transparent,  entirely  colourless 


sides,  gradually  thicken,  lose  their 
transparency,  and  become  marked  all 
round,  from  end  to  end,  with  two  pa¬ 
rallel  streaks,  which  are  very  close 
together,  and  traced  in  a  spiral  direc¬ 
tion.  Afterwards  they  enlarge,  the 
streaks  become  slits,  which  cut  the 
sides  of  each  tube,  from  one  end  to  the 
other,  into  two  threads,  whose  circum¬ 
volutions  separate,  after  the  manner  of 
the  thread  of  a  gun-worm.”  He  also 
makes  some  observations  upon  changes 
of  another  kind,  by  means  of  which 
cellular  tissue  becomes  converted  into 
annular  ducts. 

It  must  be  obvious,  however,  that 
observations  of  this  kind,  however  care¬ 
fully  made  and  faithfully  recorded,  are 
so  liable  to  error,  in  some  of  the  de¬ 
tails,  that  they  require  to  be  repeated 
by  several  independent  observers  before 
they  can  be  received  as  positive  facts. 
Even  as  the  case  now  stands,,  a  differ¬ 
ent  interpretation  might  be  put  upon 
the  appearances  described  by  Mirbel 
himself,  admitting  them  to  be  de¬ 
scribed  correctly ;  and  as  at  all  events, 
for  all  practical  purposes,  it  is  indis¬ 
pensable  that  we  should  distinguish 
correctly  the  three  principal  kinds  of 
elementary  organs  which  have  been 
here  described,  it  is  not  desirable  to 
dwell  longer  upon  this  part  of  the 
subject. 

We  shall,  therefore,  conclude  the 
explanation  of  the  structure  and  func¬ 
tions  of  tissue  with  representations  of 
the  relative  position  of  the  elementary 
organs  in  those  cases  in  which  their 
action  is  the  most  likely  to  come  fre¬ 
quently  under  our  consideration  here¬ 
after.  In  all  the  three  following  fi¬ 
gures,  c  signifies  cellular  tissue,  dd 
dotted  ducts,  /  woody  fibre,  s  spiral 
vessels,  and  d  vascular  ducts. 

Fig.  88  is  a  plan  of  their  position  in 
the  stalk  of  a  leaf,  showing  in  what 
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order  they  are  respectively  placed  when 
the  systems  of  the  wood  and  bark  be¬ 
come  blended  together. 

Fig.  89  is  a  plan  of  the  arrangement 
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of  the  elementary  organs  in  the  branch 
of  an  Exogen  two  years  old ;  P  being 
the  pith,  W  the  wood,  B  the  bark,  * 
the  limit  where  the  wood  or  the  bark  of 
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one  year  ceases  and  of  a  second  begins, 
and  the  tissue  lying  in  a  horizontal 
direction  across  the  wood  being  the 
muriform  cells  of  the  medullary  pro¬ 
cesses. 


Fig.  90  is  a  plan  of  the  arrangement 
of  the  tissue  in  the  stem  of  an  Exogen : 
these  details  are  taken  from  Von  Mar- 
tius’  splendid  work  upon  Palms  ;  B  is 
the  cortical  integument  which  answers 


to  the  bark  of  an  Exogen  ;  W  is  the 
woody  centre,  consisting  of  bundles  of 
fibro-vascular  tissue  marked  F,  and 
cellular  substance  marked  C,  analo¬ 
gous  to  the  pith  and  medullary  pro¬ 
cesses  of  an  Exogen. 

Chapter  II. 

General  Considerations  concerning  the 
Nature  of  Plants,  and  the  Means 
they  have  of  performing  their  vital 
Actions. 

Now  that  the  reader  is  acquainted 
with  the  general  nature  of  all  the  or¬ 
gans  of  plants,  and  that  he  under¬ 
stands  the  structure  of  those  minute 
elementary  parts  by  the  united  forces 
of  which  they  are  enabled  to  perform 
their  functions,  we  may  proceed  to 
sketch  out  the  latter  in  their  principal 
outlines,  her^  and  there  putting  in  the 


shadow’s,  as  a  painter  would  say,  for 
the  sake  of  bringing  certain  objects 
more  distinctly  into  view,  but  in  all 
cases  avoiding  the  minuter  details ; 
for  which  the  inquirer  is  referred  to 
works  of  a  more  extensive  nature  than 
the  present. 

In  this  department  of  the  science, 
the  difficulties  which  the  philosopher 
has  to  overcome  are  of  a  very  different 
character  from  those  which  may  have 
embarrassed  him  in  merely  determin¬ 
ing  the  organization  of  a  plant.  In 
the  latter  case  good  microscopes, 
manual  dexterity  in  preparing  the 
parts  for  examination,  and  sufficient 
patience  for  his  task,  are  sure  to  bring 
the  observer  to  conclusions,  the  gene¬ 
ral  truth  of  which  is  often  susceptible 
of  exact  demonstration  ;  but  when  we 
come  to  consider  the  causes  of  vital 
phenomena  and  the  manner  in  which 
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they  are  brought  about,  we  have  ob¬ 
stacles  of  quite  another  kind  to  over¬ 
come.  There  is  not  a  function  of  vege¬ 
table  life  which  is  not  performed,  as  it 
were,  behind  a  screen  ;  the  parts  which 
are  the  prime  movers  of  every  pheno¬ 
menon  are  so  minute  as  to  escape  our 
view  until  they  have  been  killed  for 
the  purpose  of  microscopic  examina¬ 
tion  ;  fixed  to  the  soil,  having  scarcely 
any  power  of  moving  any  one  of  its 
limbs,  destitute  of  passions,  or  sensa¬ 
tions,  the  visible  expressions  of  which 
might  lead  us  to  the  discovery  of  their 
invisible  causes,— having  the  whole  of 
its  organic  mechanism  concealed  be¬ 
neath  a  skin  which  seems  inert  and  is 
opaque, — and  more  especially  having 
no  actions  which  can  be,  with  any 
exactness,  compared  to  those  with 
which  we  are  necessarily  acquainted 
from  their  taking  place  in  our  own 
bodies,— we  are  compelled  to  trust  for 
all  our  notions  of  Vegetable  Physiology 
to  induction  from  data,  about  which, 
in  many  cases,  there  must  always, 
from  the  nature  of  things,  be  some 
kind  of  uncertainty.  For  these  rea¬ 
sons,  a  great  diversity  of  opinion  has 
existed  among  physiologists  concerning 
many  of  the  phenomena  of  vegetable 
life ;  multitudes  of  erroneous  theories 
have  obtained  belief  almost  without 
question ;  and  when  an  old  notion  has 
been  shown  to  be  erroneous,  the  world 
has  willingly  adopted  another  in  its 
place,  which,  perhaps,  has  not  been 
less  unfounded.  In  the  midst  of  the 
confusion  attendant  upon  this  state  of 
things,  a  certain  number  of  seeming 
truths  have  been  elicited,  about  which 
there  is  daily  less  dispute ;  and  by 
taking  them  as  guides,  or  as  tests  of 
the  truth  of  other  opinions,  the  whole 
subject  is  assuming  a  state  which  be¬ 
comes  daily  more  satisfactory.  What 
will  be  principally  adverted  to  in  the 
following  pages  are  the  best-known 
facts  and  most  generally  received  opi¬ 
nions  of  the  present  day.  Before,  how¬ 
ever,  we  proceed  to  a  systematic 
consideration  of  the  subject,  it  will  be 
useful  to  dwell  for  a  moment  upon 
some  of  the  general  properties  of  vege¬ 
table  matter,  independently  of  the  spe¬ 
cial  attributes  of  the  organs  of  plants. 

§  1. — Extensibility. 

One  of  the  most  obvious  circum¬ 
stances  connected  with  the  growth  of 
plants  is  the  power  which  the  tissue 
possesses  of  stretching, — or,  in  a  word, 


its  extensibility.  We  see  a  branch  in¬ 
crease  from  a  line  to  half  an  inch  in 
diameter  in  the  course  of  a  year,  and 
its  surface  still  extending  with  the  ex¬ 
pansion  of  the  matter  enclosed  within 
it ;  the  tissue  of  the  surface  must,  in 
this  instance,  have  acquired  many 
times  its  original  dimensions.  The 
leaf  of  a  Lime-tree  is  formed  as  a  little 
scale  ;  in  a  fortnight  after  it  once  un¬ 
folds,  it  will  grow,  by  the  extension 
of  its  tissue,  to  a  thousand  times  its 
original  size ;  a  similar  occurrence 
takes  place  in  the  petals,  the  stamens, 
and  all  parts  where  development  is 
rapid.  It  is  true,  indeed,  that  such 
cases  of  augmentation  arise,  in  part, 
from  the  formation  of  fresh  cellules 
amongst  those  which  were  first  created, 
and  that,  consequently,  an  increase  in 
bulk  is  not  owing  to  extensibility 
alone  ;  and  this  is  to  a  great  extent 
the  case  with  bark.  Still  there  can 
be  no  reason  to  doubt  that  the  power 
of  extensibility  exists  in  a  very  consi¬ 
derable  degree.  Many  cases  of  what 
is  called  irritability,  for  example,  de¬ 
pend,  as  we  shall  presently  see,  upon 
tissue  being  stretched  up  to  a  certain 
point  beyond  which  it  cannot  give 
way. 

$  2. — Elasticity. 

The  bending  of  wood,  the  waving  of 
branches  in  the  air,  the  springiness  of 
cork,  the  flexibility  of  the  cane,  are 
abundant  evidences  of  elasticity  being 
also  a  common  property  of  vegetable 
matter  :  indeed,  it  is  from  timber  pos¬ 
sessing  this  quality  that,  it  is  so  valu¬ 
able  to  man. 

§  3. — Contraction. 

A  power  of  contraction  is  insepa¬ 
rable  from  elasticity,  which,  in  fact,  de¬ 
pends  upon  the  capability  of  parts 
when  stretched  of  resuming  their  ori¬ 
ginal  size  with  rapidity  when  the 
straining  power  is  taken  off.  Inde¬ 
pendently,  however,  of  this,  it  exists  in 
many  instances  where  it  could  not  be 
suspected  by  the  casual  observer. 
Many  cases  of  what  is  called  irrita¬ 
bility  are  more  immediately  owing  to 
contraction ;  as  in  the  stamens  of  Pel- 
litory  (Parietaria  officinalis).  In  that 
plant  the  filaments,  before  the  flower 
expands,  are  curved  inwards  and  down¬ 
wards,  so  that  the  anthers  are  inverted 
at  the  bottom  of  the  calyx ;  the  face 
of  the  filament  consists  of  a  lax  and 
soft  tissue,  which  is  easily  extensible ; 
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their  back  is  composed  of  a  more  com¬ 
pact  and  more  rigid  tissue ;  the  latter 
is  strained  to  the  utmost  in  conse¬ 
quence  of  its  forming  the  convexity  of 
the  curve,  while  the  stamens  are  grow¬ 
ing,  till  the  segments  of  the  calyx 
which  keep  the  stamens  down  are  un¬ 
loosened  :  the  moment  this  occurs,  and 
the  pressure  is  taken  off,  the  tissue  at 
the  back  of  the  filaments  suddenly 
contracts,  and  the  latter  are  bent  out¬ 
wards  with  violence  ;  the  anthers  open¬ 
ing  and  scattering  their  pollen  at  the 
same  time.  Even  this  latter  pheno¬ 
menon  is  supposed  to  be  caused  by  the 
contraction  of  the  cells  that  form  the 
case  of  the  anther,  which,  simultane¬ 
ously  shrinking,  exercise  upon  each 
other  a  strain  which  renders  it  neces¬ 
sary  that  something  should  give  way ; 
and  as  the  tissue  adheres  more  feebly 
at  the  suture  of  the  anther  than  at 
any  other  part,  it  is  there  that  the 
sides  of  the  anther  separate,  and  form 
an  opening  for  the  escape  of  the 
pollen.  Other  instances  not  less 
striking  of  the  general  power  of  con¬ 
traction  in  tissue  deserve  to  be  men¬ 
tioned.  If  you  divide  a  stem  of  any 
common  Spurge  (Euphorbia),  you  will 
find  the  milky  fluid  in  which  that  plant 
abounds  run  out  of  both  wounds  in 
whatever  direction  the  pieces  may  be 
placed :  here  it  is  plain  that  the  tissue 
is  turgid  with  fluid,  which  keeps  its 
sides  in  a  state  of  extension ;  cutting 
through  the  tissue  takes  off  the  pres¬ 
sure  upon  its  sides,  which  accordingly 
contract  and  squeeze  out  the  fluid 
within  them.  With  reference  to  this 
phenomenon,  De  Candolle  justly  ob¬ 
serves,  that  if  the  fluid  was  emitted  in 
consequence  of  an  impulse  from  below 
upwards,  or  from  above  downwards,  it 
would  only  run  out  at  one  of  the  two 
wounded  ends  ;  and  that  if  it  was  dis¬ 
charged  merely  by  virtue  of  its  gravity, 
it  would  only  flow  out  when  the  mouths 
of  the  wounded  tissue  were  turned 
downwards ;  neither  of  which  cases 
occurs.  In  fact,  a  curious  experiment 
of  Van  Marum  and  Humboldt  has 
shown,  by  something  like  a  demonstra¬ 
tion,  that  it  must  be  contractibility 
that  causes  this  phenomenon ;  it  is 
known  that  animals  killed  by  electri¬ 
city  lose  their  powers  of  contraction, 
and  those  observers  found  that  Euphor¬ 
bias,  destroyed  by  that  agent,  equally 
lost  the  power  of  discharging  thair 
milk. 


$  4. — Hygrometrical  Properties. 

The  hygrometrical  properties  of  liv¬ 
ing  vegetable  matter,— that  is  to  say, 
the  power  of  abstracting  moisture  from 
surrounding  media,  is  one  of  great  ac¬ 
tivity  and  importance  in  relation  to 
most  vital  phenomena.  De  Candolle 
has  well  remarked,  that  this  power 
is  most  energetic  in  the  parts  v/hich 
are  the  least  charged  with  foreign 
substances,  and  vice  versa.  Thus  it 
is  extremely  active  in  the  newly- 
formed  portions  of  any  plant,  espe¬ 
cially  at  the  points  of  the  root,  where 
the  fluid  of  the  soil  has  chiefly  to  be 
sucked  up — in  the  newly-formed  wood 
—and  in  but  a  very  slight  degree  in 
bark,  which,  in  consequence  of  its 
being  the  descending  channel  of  the 
elaborated  sap,  is  filled  with  earthy 
and  other  matters.  Owing,  no  doubt, 
to  particular  organic  differences,  the 
hygrometrical  powers  of  particular 
parts  act  in  very  different  ways  ;  most 
capsules  burst,  and  the  beards  of  the 
Geranium  or  the  Oat  curl  up,  in  dry 
weather ;  but  those  of  Epilobium  and 
the  Fig  Marigold  (Mesembryanlhe- 
mum),  and  most  other  plants,  contract 
in  dry  weather,  opening  only  in  wet. 
The  latter  forms  a  beautiful  object  in 
some  of  the  larger  species,  which  are 
occasionally  brought  from  the  Cape  of 
Good  Hope  as  curiosities.  When  dry 
and  closed,  they  resemble  an  almost- 
shapeless  lump  of  wood ;  but  placed  in 
warm  water  they  gradually  unfold  at 
the  point,  and  by  degrees  assume  the 
appearance  of  a  star,  which,  when  they 
are  fully  expanded,  assumes  the  most 
perfect  symmetry  and  regularity. 

The  Rose  of  Jericho,  and  the  curious 
Lycopodium  of  Peru, are  other  instances 
of  parts  unfolding  by  the  application 
of  moisture.  These  plants  are  dried 
up  by  the  burning  sun  and  parching 
air  to  which  they  are  periodically  ex¬ 
posed,  often  are  detached  from  the 
spot  on  which  their  slender  roots  had 
fixed  them,  curl  up  by  the  contraction 
of  their  branches  into  a  round  ball, 
which  is  blown  about  by  the  wind, 
and  becomes  the  sport  of  storms.  But 
the  moment  they  are  exposed  to  mois¬ 
ture,  their  hygrometrical  properties 
cause  them  to  unfold ;  they  suddenly 
revive,  and  fix  themselves  by  their 
own  weight  to  the  spot  where  they 
receive  the  influence  of  moisture. 

The  cause  of  the  different  effects  of 
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moisture  upon  different  plants,  in  re¬ 
gard  to  their  contracting  or  expanding, 
may,  perhaps,  be  understood  by  refer¬ 
ence  to  the  following  figure. 


Fig.  91. 

c 


f 

d 


Let  the  figure  A  B  C  D  represent  a 
section  of  the  tissue  of  any  vegetable 
body.  Let  the  line  A  B  represent  the 
outside,  and  C  D  the  inside  of,  we 
will  suppose,  the  sides  of  a  capsule, 
which  only  opens  in  wet  weather,  or 
upon  the  application  of  moisture.  The 
cells  next  the  inside  C  D  being  larger 
and  thinner  sided  than  those  next  the 
outside  A  B,  will  absorb  moisture  with 
the  greatest  rapidity  and  force,  and 
becoming  gradually  distended  will 
lengthen  by  degrees ;  but  this  will  be 
resisted  by  the  small,  thick-sided,  and 
consequently  less  permeable  cells  at 
A  B,  and  the  result  will  be,  that  as  the 
cells  C  D  lengthen,  they  will  be  pulled 
towards  cd,  while  A  B  will  at  the  same 
time  be  forced  in  the  direction  a  b  by 
the  general  distention  of  the  tissue 
from  C  to  A,  and  from  D  to  B ;  and 
thus  the  opening  of  the  capsule  will  be 
effected.  Reverse  the  structure,  and 
an  opposite  effect  will  be  the  result ; 
and  thus  we  may  understand  how  it  is 
owing  to  differences  of  an  organic  na¬ 
ture  that  some  parts  will  unfold  and 
others  contract  upon  the  application  of 
moisture  externally. 

§  5. — Endosmose. 

The  explanation  just  offered  is  that 
by  which  Dutroehet  accounts  for  cer¬ 
tain  cases  of  what  has  been  incorrectly 
called  irritability.  He  ascertained  by 
some  ingenious  experiments,  that  if 
liquids  of  unequal  density  are  sepa¬ 
rated  by  animal  or  vegetable  mem¬ 
brane,  the  thinner  fluid  will  pass 
through  the  membrane  towards  the 
denser.  This  may  be  easily  shown  by 


a  very  simple  contrivance :  take  & 
common  half-ounce  phial,  the  bottom 
of  which  has  been  ground  off,  and  tie 
a  piece  of  bladder  tightly  over  the 
opening  thus  effected.  Fill  it  with 
mucilage,  such  as  thin  gum  arabic  and 
water,  and  half  immerse  it  in  water. 
The  denser  fluid  in  the  phial  will 
slowly  attract  the  water  through  the 
membrane,  and  the  contents  of  the 
phial  will  run  over.  Reverse  the  ex¬ 
periment  by  filling  such  a  phial  with 
water,  and  plunge  the  lower  end  into 
milk,  or  sugar  and  water,  or  mucilage, 
and  the  water  will  pass  out  of  the 
phial  through  the  bladder,  as  will  be 
shown  by  the  water  in  the  phial  sink¬ 
ing.  This  phenomenon  Dutroehet 
called  Endosmose. 

The  whole  surface  of  a  plant  may  be 
considered  as  a  series  of  bladders,  in  a 
state  of  endosmose — that  is  to  say,  as 
containing  fluid  of  a  more  dense  na¬ 
ture  than  the  aqueous  particles  that 
surround  them  in  the  atmosphere  or  in 
the  soil.  A  plant  is,  therefore,  a  sort 
of  endosmometric  apparatus,  which  is 
incessantly  in  action,  so  long  as  it  re¬ 
tains  the  vital  principle,  and  the  force 
of  which  is  regulated  by  temperature. 
This  peculiar  absorbing  power  is  by  no 
means  confined  to  the  surface  of  a 
plant ;  on  the  contrary,  it  exists  be¬ 
tween  the  internal  bladders  of  cellular 
tissue  and  the  other  elementary  organs, 
wherever  there  is  a  difference  in  the 
density  of  the  fluid  in  contiguous  cavi¬ 
ties  ;  and  Dutroehet  conceives,  with 
great  appearance  of  truth,  that  the 
circulation,  as  it  is  called,  of  the  sap, 
and  the  distention  of  one  part  more 
than  others — or,  in  other  words,  the 
power  which  some  parts  have  of  at¬ 
tracting  sap  to  themselves  from  the 
neighbouringtissue,  depends  essentially 
upon  the  phenomenon  of  endosmose. 
An  instance  or  two  of  this  will  suffice 
for  the  present,  as  we  shall  return  to 
the  subject  hereafter.  When  buds  un¬ 
fold,  and  grow  in  the  spring,  the  cells 
part  with  some  of  their  water  by  eva¬ 
poration  ;  the  fluid  that  remains  be¬ 
comes  denser  than  in  those  cells  which, 
being  more  internal,  are  unable  to  per¬ 
spire,  and  the  action  of  endosmose, 
which  is  immediately  established,  fills 
the  external  cells  at  the  expense  of 
the  internal  ones,  which,  in  their  turn, 
abstract  fluid  from  those  which  are 
still  more  interior.  Again,  a  carpel  is 
fertilized,  and  is  to  become  a  Plum ; 
its  cells  gradually  form  in  their  interior 
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a  fluid  of  a  denser  nature  than  the  sap 
which  is  near  them,  and  attract  it  by 
virtue  of  endosmose.  The  circulating 
system  of  the  plant  keeps  perpetually 
supplying  the  loss  thus  occasioned,  and 
the  plum  is  thus  enabled  to  become  the 
succulent  bod}'  which  we  see.  Perhaps 
the  most  direct  illustration  of  the  ef¬ 
fects  of  endosmose  in  vegetation  may 
be  obtained  from  the  Balsam,  a  com¬ 
mon  plant,  which  any  one  may  procure 
for  experiment.  Dutrochet  gives  an 
interesting  account  of  his  observations 
upon  it,  of  which  the  following  is  a  short 
abstract : — It  is  well  known  that  the 
valves  of  the  capsule  of  the  Balsam, 
when  ripe,  separate  from  each  other, 
and  that  each  rolls  up  spirally,  inwards 
— that  is  to  say,  that  their  convexity  is 
outward,  or  on  the  side  of  the  cuticle. 
If  you  straighten  them,  they  regain 
their  curved  state  spontaneously  and 
smartly,  when  they  are  left  to  them¬ 
selves.  If  they  are  thrown  into  water, 
they  curve  with  greater  force  than 
ever;  but  if  they  are  allowed  to  be¬ 
come  half  dry,  they  fall  into  a  flaccid 
state,  and  lose  their  elasticity,  which  is 
however  restored  by  placing  them 
again  in  water.  This  shows  that  the 
presence  of  water  in  the  tissue  of  the 
valves  is  at  least  one  of  the  causes  of 
their  rolling  up.  Upon  examining  the 
tissue  of  a  valve,  it  will  be  found  com¬ 
posed  of  little  bladders,  the  largest  of 
which  are  next  the  cuticle,  and  the 
smallest  next  the  inside,  gradually  di¬ 
minishing  in  size  from  without  inwards 
(or  being  as  represented  at  fig.  91, 
taking  C  D  for  the  outside).  Consider¬ 
ing  what  the  effects  of  endosmose  are 
in  other  cases,  it  may  be  conceived 
that  the  violent  incurvation  of  the 
valves  of  the  Balsam  may  be  owing 
to  this  phenomenon  acting  principally 
upon  the  external  vesicles,  distending 
them  with  fluid  attracted  from  the 
rising  sap,  and  giving  them,  when  thus 
distended,  a  curve  outwards,  in  conse¬ 
quence  of  the  resistance  of  the  base 
and  apex  of  the  capsule  ;  and  that, 
whenever  the  valves  become  so  turgid 
as  to  burst  from  the  extremities  of  the 
capsule,  which  keep  them  in  their 
place,  they  will  immediately  lengthen 
and  curve  inw'ards.  To  ascertain  how 
far  this  may  be  true,  take  a  little  syrup 
and  water,  which  shall  be  denser  than 
the  fluid  in  the  cells  of  the  Balsam- 
valves  ;  place  the  latter  in  it,  and  they 
will  first  straighten,  then  curve  back¬ 
wards,  and  at  last  roll  up  in  the  oppo¬ 
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site  direction  from  that  which  is  natural 
to  them.  This  arises  from  the  syrup 
abstracting  the  thinner  fluid  from  the 
bladders  of  the  tissue  of  the  valve, 
when  the  valve  rolls  backward,  be¬ 
cause  the  bladders  next  the  outside, 
being  the  largest,  lose  the  greatest  pro¬ 
portion  of  their  contents,  and  moreover 
have  the  smallest  quantity  of  solid 
matter  within  them  ;  in  consequence  of 
which  they  not  only  return  to  their  ori¬ 
ginal  size,  but  actually  contract,  and 
the  valve  rolls  backwards.  If  these 
same  valves  are  again  placed  in  water, 
they  attract  it  by  the  renewed  action  of 
endosmose,  first  straighten  again,  and 
finally  curl  inwards,  resuming  their 
natural  state.  Dutrochet  says  he  re¬ 
peated  this  nine  times  in  five  hours, 
after  which  they  ceased  to  curve  in¬ 
wards  when  plunged  in  water ;  which 
he  ascribes  to  their  having,  by  such 
frequent  exposure  to  the  action  of  the 
syrup,  been  gradually  robbed  of  their 
dense  contents.  But  when  placed  in 
syrup,  they  still  continued  to  roll  back¬ 
wards  with  an  increased  energy,  be¬ 
cause  the  fluid  they  still  contained  had 
gradually  become  less  dense  by  the  re¬ 
peated  dilutions  with  water  which  it 
had  experienced.  If  a  thin  slice  of  the 
valve  of  a  Balsam  be  placed  under  a 
microscope,  the  whole  of  this  mechan¬ 
ism  may  be  distinctly  beheld.  The  cells 
will  be  seen  to  diminish  rapidly  in  dia¬ 
meter,  especially  the  larger  ones,  in 
consequence  of  their  being  emptied, 
and  the  valve  will  gradually  reverse 
the  direction  of  its  curve. 

Endosmose  must  be  considered,  then, 
as  aphenomenon.to  the  effects  of  which 
the  greatest  importance  is  to  be  at¬ 
tached.  This  will  be  shown  more  com¬ 
pletely  hereafter. 

§  6.  Irritability. 

The  various  powers  of  which  an  ex* 
planation  has  thus  been  given,  how* 
ever  important  they  may  be,  do  not  of 
themselves  account  for  any  one  of  the 
phenomena  of  vegetation.  All  of  them 
may  and,  indeed,  do,  exist  in  dead 
matter ;  the  living  principle  is  still 
wanting  to  set  them  in  action,  to  re¬ 
gulate  their  reciprocal  efforts,  and  to 
modify  them  according  to  the  special 
constitution  of  different  plants. 

It  would  be  a  waste  of  time  to  spe¬ 
culate  upon  what  this  living  principle 
may  be ;  and  we  should  have  no  ambi¬ 
tion  to  invade  the  province  of  the  psy¬ 
chologist,  unless  we  thought  ourselves 
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likely  to  discover  something  more  than 
the  subtleties  of  metaphysicians  have 
yet  elucidated.  It  is  sufficient  for  the 
world  to  know — what,  indeed,  is  all 
that  it  can  know— that  the  principle  of 
life  is  a  something  which  is  dispersed 
through  all  organic  matter,  and  which 
not  only  sets  the  organic  elements  in 
action,  but  preserves  them  from  enter¬ 
ing  into  that  state  which  quickly  leads 
to  their  return  to  inorganic  sub¬ 
stances. 

It  is  under  the  names  of  irritability , 
excitability,  and  sensibility,  that  the 
more  immediate  effects  of  the  vital 
principle  have  been  discussed  by  phy¬ 
siologists.  For  all  practical  purposes 
these  may  be  considered  as  the  same; 
for  even  sensibility,  by  which  is  meant 
something  analogous  to  sensation  in 
animals,  is  not,  in  vegetable  physiology, 
distinguishable  from  the  two  others. 

There  are  those,  indeed,  who  have 
endeavoured  to  show  that  sensation, 
properly  so  called,  exists  in  plants  ;  and 
they  have  founded  their  opinions  upon 
certain  curious  phenomena.  The  sin¬ 
gular  power  of  motion,  when  touched, 
for  which  the  Sensitive-plant  is  so  ce¬ 
lebrated,  has  been  supposed  to  be  an 
extreme  instance  of  this ;  and  Dutro- 
chet  has  even  attempted  to  show  that 
the  nervous  particles,  in  which  sensa¬ 
tion  specially  resides,  are  visible  to  the 
eye.  Great  numbers  of  little  green  balls 
of  amylaceous  or  resinous  matter  are 
discoverable  by  the  microscope  slicking 
to  the  tissue  of  most  plants.  In  the 
Sensitive,  at  a  little  swelling  at  the 
base  of  the  leaf-stalk,  in  which  the 
greatest  degree  of  motion  resides,  they 
are  particularly  abundant;  and  what 
is  extremely  curious,  these  balls,  or 
granules,  are  found  to  be  affected  by 
certain  chemical  agents  in  the  same 
way  as  the  nervous  particles,  or  what 
are  so  considered,  of  certain  molluscs. 
Boiled  for  a  short  time  in  nitric  acid, 
they  become  opaque,  and  regain  their 
transparency  upon  being  plunged  in  a 
solution  of  caustic  potash;— but  the 
same  granules  exist  in  an  equal  degree 
in  plants  which  have  nothing  approach¬ 
ing  to  sensation ;  so  that  their  func¬ 
tion  cannot  be  admitted  to  have  any¬ 
thing  to  do  with  it.  Secondly,  poisons 
have  been  found  by  Macaire  and  Mar- 
cet  of  Geneva  to  act  in  the  same  way 
upon  plants  as  upon  animals ;  corrosive 
poisons  stiffening  the  organs  as  if  they 
produced  a  sort  of  vegetable  inflamma¬ 
tion;  narcotic  poisons  relaxing  thewhole 


system,  and  causing  something  that  has 
been  considered  analagous  to  stupefac¬ 
tion.  Hence  it  has  been  concluded, 
that  there  must  be  something  analogous 
to  the  scattered  elements  of  a  nervous 
system  in  plants.  Brachet,  a  French 
physiologist,  has  even  gone  further, 
and  has  very  recently  endeavoured  to 
prove  that  the  pith  is  the  seat  of  the 
nervous  system  in  plants,  and  that  the 
medullary  rays  are  nervous  branches. 
The  statements  of  this  writer  do  not 
deserve  serious  refutation ;  and  with 
regard  to  the  effects  of  poisons,  I  do 
not  know  that  it  is  necessary  to  go  so 
far  as  to  admit  the  presence  of  a  ner¬ 
vous  system,  in  order  to  account  for 
their  effects,  especially  where  there  is 
so  much  reason  to  object  to  the  opinion. 
Upon  this  subject  we  cannot  do  better 
than  quote  the  words  of  De  Candolle, 
the  celebrated  Professor  at  Geneva : — 
“  The  nervous  system,  which  is  very 
evident  and  distinct  from  all  others  in 
animals  of  the  upper  classes,  gradually 
tends  to  divide  ;  and  finally  one  is  forced 
to  admit,  that  in  zoophytes  the  nervous 
matter  is  diffused,  as  it  were,  throughout 
the  whole  body ;  so  that  the  latter  pos¬ 
sess  a  kind  of  universal  sensibility, 
without  there  being  any  where  a  ner¬ 
vous  system  distinct  from  the  tissue. 
Hence,  say  they,  we  arrive  at  the  ve¬ 
getable  kingdom,  where  the  nervous 
system  is  incorporated  with  the  whole 
tissue  ;  but  if  this  conclusion  is  to  have 
any  probability,  it  must  be  shown  that 
the  plants  which  have  the  greatest 
resemblance  to  zoophytes  in  structure 
are  also  those  in  which  the  symptoms 
of  sensation  are  the  most  evident; 
which  is  not  the  case.  All  the  plants 
in  which  it  has  been  thought  that  it 
might  be  perceived,  are  at  the  other 
end  of  the  scale  of  organization ;  and 
consequently  the  analogy  deduced  from 
the  animal  kingdom  does  not  lead,  with 
anything  like  force,  to  the  admission 
of  sensation  in  the  vegetable  kingdom. 
Let  it  also  be  remarked,  that  all  the 
most  constant  and  most  common  phe¬ 
nomena  of  vegetable  life  seem  to  be 
intimately  connected  with,  and  even  are 
necessary  consequences  of,  the  absence 
of  spontaneous  motion.  But  sponta¬ 
neous  motion,  wherever  it  exists,  is  evi¬ 
dently  the  result  of  sensation  ;  whence 
one  has  a  right  to  conclude,  that  where 
the  former  is  wanting,  the  latter  is 
wanting  also.” 

It  is  to  irritability  that  we  are  dis¬ 
posed  to  refer  all  the  powers  which  the 
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organs  of  plants  possess  of  performing 
their  functions.  We  know  that,  in  the 
absence  of  all  stimulants,  they  are  in¬ 
capable  of  action.  Under  this  name 
we  would  include,  in  particular,  light, 
heat,  and  moisture ;  for  all  these  being 
abstracted,  plants  are  incapable  of 
maintaining  their  existence.  It  is  not 
often,  however,  that  the  effects  of  these 
agents  are  manifested  by  visible  signs  ; 
it  is  only  in  cases  where  irritability  is 
in  excess  that  we  perceive  them.  The 
leaves  and  flowers  of  all  plants  are  ex¬ 
cited  by  the  stimulus  of  light ;  but  it 
is  only  when  the  petals  close  or  unfold, 
and  that  leaves  droop  or  raise  them¬ 
selves  erect,  that  this  phenomenon 
strikes  us — that  is,  when  the  irritabi¬ 
lity  is  excessive. 

Wc  feel  the  more  justified  in  consi¬ 
dering  what  are  called  cases  of  vege¬ 
table  irritability  to  be  merely  the  vital 
principle  in  a  state  of  concentrated 
action,  from  this  circumstance — that 
no  one  has  yet  been  able  to  throw  the 
smallest  light  upon  the  cause  of  the 
motions  of  plants,  or  to  give  us  any¬ 
thing  beyond  an  explanation  of  the 
mechanical  means  by  which  the  vital 
principle  is  enabled  to  take  effect;  for 
we  feel  quite  justified  in  asserting,  that 
Dutrochet,  after  all  his  patient  investi¬ 
gations  and  ingenious  experiments,  has 
not  advanced  one  step  beyond  this. 

For  the  sake,  however,  of  those  who 
may  be  interested  in  pursuing  such  an 
inquiry,  we  will  mention  a  few  cases 
which  may  be  easily  witnessed  of  vege¬ 
table  irritability  in  excess. 

If  you  touch  the  surface  of  the 
branches  of  a  Lettuce  plant  in  flower, 
milk  will  be  immediately  emitted  by 
the  cuticle  at  the  place  where  it  is 
touched.  Here  it  is  supposed  that  the 
cellular  tissue  below  the  cuticle  is  in 
a  high  state  of  irritability,  and  by  its 
contraction  forces  the  milk  out  through 
the  stomates. 

If  you  touch  the  filaments  of  a  Kal- 
mia  or  a  Barberry  with  the  point  of  a 
pin,  near  their  base,  in  the  inside,  they 
will  curve  forward,  and  strike  their  an¬ 
thers  against  the  stigma. 

The  Monkey-flower  (Mimulus)  has 
a  stigma  with  two  broad  thin  lips, 
which  stand  apart  in  fine  warm  wea¬ 
ther.  Touch  them  at  that  time  with 
a  bristle,  or  any  such  thing,  and  they 
collapse  suddenly  with  considerable 
force. 

A  plant  found  in  Carolina,  called 
Venus’  Fly-trap  (Dionaea),  has  long 


bristles  proceeding  from  the  edge  of 
its  leaves,  and  curving  inwards  like  the 
teeth  of  a  rat-trap.  Touch  the  surface 
of  the  upper  side  of  the  leaf,  the  sides 
will  collapse,  and  the  teeth  will  close 
up  with  such  force  that  it  is  difficult  to 
separate  them  again. 

A  very  common  plant  in  the  green¬ 
houses  of  curious  persons  in  the  Styli- 
dium,  many  species  of  which  inhabit 
New  Holland ;  it  has  a  long  column, 
composed  of  stamens  and  style  united, 
springing  from  the  centre  of  its  flower : 
when  at  rest  this  column  bends  down 
over  one  side  of  the  corolla,  as  if  it 
wished  to  conceal  itself;  touch  it, how¬ 
ever,  ever  so  lightly,  and  it  starts  up 
with  a  jerk,  and  rapidly  swings  over  to 
the  opposite  side  of  the  flower. 

The  Sensitive  plant  has  its  leaves 
divided  into  a  great  number  of  leaflets, 
which  spread  flat  in  the  sunshine,  and 
seem  as  quiet  as  other  leaves  ;  but  only 
touch  one  of  the  leaflets,  and  the 
whole  system  of  the  leaf  will  be  irri¬ 
tated  ;  all  the  leaflets  will  rapidly  col¬ 
lapse,  one  after  the  other,  till  at  last 
the  impulse  is  communicated  to  the 
base  of  the  leaf-stalk,  which  immedi¬ 
ately  curves  downwards.  After  a  time 
it  rises  again,  the  leaflets  unfold,  and 
the  leaf  resumes  its  original  appear¬ 
ance  and  direction. 

§  7. — External  Agents. 

Light,  heat,  and  water  are  the  ex¬ 
ternal  agents  which,  acting  upon  the 
vital  principle,  set  all  the  machinery  of 
vegetation  in  motion.  No  one  of  these 
causes  will  by  itself  produce  any  effect, 
although  their  combined  action  is  of 
the  most  powerful  kind. 

Light,  as  we  shall  hereafter  see, 
causes  the  decomposition  of  carbonic 
acid,  fixing  the  carbon  in  the  interior 
of  tissue,  and  thus  solidifying  the  most 
delicate  parts,  or  altering  the  chemical 
nature  of  others  ;  it  is  the  grand  cause 
of  the  varied  colours  of  vegetation,  and 
may  be  considered  as  being  in  part 
what  produces  a  motion  of  the  fluids. 
In  its  absence  plants  are  weak  and 
sickly,  and  soon  perish. 

Heat,  by  drying  the  atmosphere, 
produces  evaporation,  which  is  one  of 
the  great  means  by  which  the  crude 
fluids  become  inspissated  and  altered 
in  their  nature ;  it  causes  the  expan¬ 
sion  of  the  gases  which  plants  contain, 
distends  their  tissue,  and  renders  the 
latter  more  capable  of  performing  its 
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contractile  and  hygrometrical  func¬ 
tions. 

Water  relaxes  all  the  parts,  dissolves 
the  soluble  matters  which  are  laid  up 
in  a  plant  in  a  state  of  torpidity,  and 
softens  the  tissue  till  it  is  capable  of 
receiving  the  influence  of  temperature. 
It  is,  moreover,  the  medium  by  which 
the  nutritious  principles  that  are  de¬ 
posited  in  the  earth  are  absorbed  by 
the  roots,  and  conveyed  from  one  part 
of  the  system  to  another. 

To  sum  up,  in  few  words,  all  that 
has  thus  far  been  stated,  it  is  light, 
heat,  and  water,  acting  in  concert  upon 
an  irritable  membrane,  which  enable 
plants,  by  virtue  of  their  extensibility, 
elasticity,  and  hygrometrical  powers, 
to  perform  the  phenomena  of  contrac 
tion  and  endosmose,  by  means  of 
which  they  absorb  and  digest  their 
food,  circulate  their  fluids,  develope 
their  organs,  increase  in  size,  and  re¬ 
produce  themselves. 

What  are  the  more  immediate  causes 
of  the  principal  vital  phenomena  will 
be  explained,  as  far  as  we  at  present 
understand  them,  in  succeeding  chap¬ 
ters. 

CHAPTER  III. 

Of  the  Food  of  Plants. 

There  are  those  who  have  insisted 
that  pure  water  is  the  food  of  plants  ; 
others  have  believed  that  plants  have 
the  power  of  selecting  their  food  from 
among  the  various  soluble  matters 
surrounding  their  roots ;  and  others, 
again,  have  declared  that  the  air  is 
alone  sufficient  to  maintain  a  plant  in 
health.  These  opinions,  founded  upon 
imperfect  or  ill-conducted  experiments, 
are  none  of  them  exactly  correct ;  al¬ 
though  they  each  have  a  certain  quan¬ 
tity  of  truth.  The  fact  seems  to  be, 
that  what  may  be  called  more  particu¬ 
larly  the  food  of  plants,  because  it  is 
that  without  which  they  cannot  exist, 
is  atmospheric  air  and  water,  in  which 
carbonic  acid  is  dissolved ;  that  this 
alone  is  sufficient  for  their  support ; 
but  that,  under  natural  circumstances, 
they  receive  into  their  system  a  great 
variety  of  other  substances  dissolved  in 
water ;  apparently  not  possessing  any 
power  of  refusing  to  absorb  whatever 
soluble  matter  may  be  offered  to  them, 
whether  it  be  nutritious  or  deleterious. 

We  shall  not  occupy  our  pages  with 
a  description  of  the  proofs  by  means 
of  which  modern  chemists  have  shown 


the  fallacy  of  the  old  experiments  to 
prove  that  pure  water  is  the  food  of 
plants  ;  nor  is  it  worth  entering  into  a 
discussion  of  the  causes  of  the  errors 
of  another  nature  which  have  led  to 
the  adoption  of  the  opinions  that 
plants  can  select  their  food  from  the 
soil.  All  that  we  can  pretend  to  do, 
is  to  show  upon  what  evidence  the 
doctrines  we  state  to  be  now  received 
are  based. 

It  is  well  known  that  pure  water,  as 
it  is  furnished  by  distillation,  does  not 
exist  in  nature ;  but  that  it  is  con¬ 
stantly  mixed  with  earthy,  saline, 
and  gaseous  matters,  which  vary  in 
proportion  according  to  the  circum¬ 
stances  under  which  the  water  is  im¬ 
pregnated  with  them ;  such  water  as 
this  is  necessarily  what  is  offered  to 
plants  as  their  food.  From  the  decom¬ 
position  cf  the  various  organic  sub¬ 
stances  which  are  buried  in  the  soil 
results  a  considerable  formation  of 
carbonic  acid, — a  principle  readily  so¬ 
luble  in  water,  and  consequently  form¬ 
ing  a  considerable  part  of  all  the  fluid 
introduced  into  the  roots  of  a  plant. 
The  saline  and  earthy  matters  which 
And  their  way  into  the  system  are 
gradually  deposited,  almost  unchanged, 
in  those  parts  where  the  water  in 
which  they  are  dissolved  evaporates ; 

•  namely,  in  the  leaves  or  the  bark,  or 
in  some  other  part  of  the  surface.  But 
the  atmospheric  air,  water,  and  car¬ 
bonic  acid  become  decomposed,  and 
their  elements,  recombining  in  new  pro¬ 
portions,  form  the  materials  for  new 
parts,  and  the  gum,  fecula,  sugar, 
azotic  products,  and  other  immediate 
principles  of  the  vegetable  kingdom. 

If  the  roots  of  a  plant  are  placed  in 
a  close  vessel,  in  distilled  water,  from 
which  carbonic  acid  has  been  carefully 
expelled,  the  plant  may  increase  a 
little  in  size,  in  consequence  of  the  de¬ 
composition  of  the  water  and  the  com¬ 
bination  of  its  elements  with  the  vege¬ 
table  system  ;  but  it  is  only  when  car¬ 
bonic  acid  is  added  that  the  plant  ac¬ 
quires  its  natural  vigour  and  rate  of 
growth. 

It  is  only  in  the  state  of  carbonic 
acid  that  carbon  can  enter  into  the 
system  of  a  plant ;  the  former  is 
easily  decomposed,  the  oxygen  is  libe¬ 
rated,  and  the  carbon  remains  fixed. 
But  if  a  plant  is  placed  in  solid  carbon, 
and  you  water  it  with  distilled  water, 
it  might  as  well  be  planted  in  powdered 
glass,  until  the  carbon  begins  to  com- 


BOTANY. 


81 


bine  with  the  oxygen  of  the  air,  and 
to  form  carbonic  acid.  Sir  Humphry 
Davy  placed  a  plant  of  Mint  in  water 
mixed  with  carbon,  in  a  state  of  impal¬ 
pable  powder,  and  he  found  that  not  a 
particle  could  enter  the  roots.  If  we 
look  to  the  effects  of  manures,  we  shall 
find  that  in  most  cases,  except  when 
their  object  is  to  alter  the  state  of  the 
soil  mechanically,  or  to  act  as  stimu¬ 
lants,  as  is  probably  the  case  with  sul¬ 
phate  of  iron,  their  energy  is  in  pro¬ 
portion  to  their  capability  of  forming 
carbonic  acid.  Yeast,  for  instance, 
which  is  one  of  the  most  active  ma¬ 
nures  we  have,  is  so  from  possessing, 
beyond  all  other  substances,  the  power 
of  exciting  fermentation,  and  thus  of 
causing  the  formation  of  carbonic  acid 
among  the  vegetable  matter  which  lies 
buried  in  the  soil. 

While,  however,  all  experiments 
combine  to  prove  that  carbonic  acid  is 
the  most  essential  of  the  elements 
upon  which  plants  are  nourished,  it  is 
necessary  that  the  student  should  be 
aware  that  other  species  of  matter  are 
constantly  taken  into  the  system,  and 
probably,  therefore  contribute  to  their 
nutrition. 

Water  is  one  of  these.  Although  we 
know  that  a  very  large  proportion  of 
all  the  water  absorbed  by  a  plant  is 
lost  again  by  evaporation,  yet  the  ex¬ 
periments  of  Theodore  de  Saussure  have 
shown  that  a  portion  of  it  is  actually 
solidified.  He  found  that  when  plants 
are  grown  in  a  close  vessel,  in  an  arti¬ 
ficial  atmosphere,  containing  a  little 
carbonic  acid,  the  weight  which  the 
plant  acquired  in  a  given  time  was 
augmented,  not  only  by  the  quantity 
of  carbon  produced  by  the  decomposi¬ 
tion  of  carbonic  acid,  but  to  a  much 
more  considerable  extent,  which  could 
only  be  ascribed  to  its  having  fixed  a 
considerable  quantity  of  water;  thus 
plants  of  Vinca,  which,  in  a  vessel 
without  carbonic  acid,  had  gained  If 
grain  from  water,  acquired  5yff,  when 
they  were  at  the  same  time  able  to 
procure  carbon.  The  same  excellent 
observer  has  computed,  that  if  we  cal¬ 
culate  with  the  utmost  care  all  the 
weight  which  a  plant  can  gain  either 
by  fixing  carbon,  or  by  depositing 
earthy,  saline,  alkaline,  and  metallic 
matter  which  they  borrow  from  the 
soil,  or  by  respiring  oxygen,  or  from 
the  soluble  matter  of  soil,  we  shall  not 
be  able  to  account  for  more  than  a 
twentieth  part  of  the  real  weight  of 


such  a  plant.  The  other  nineteen- 
twentieths  must,  therefore,  be  fixed 
water.  Whatever  errors  there  may  be 
in  calculations  of  this  nature,  there 
cannot  be  a  doubt  that  they  are  correct 
to,  so  considerable  an  extent  as  to 
oblige  us  to  admit  that  water  forms  a 
considerable  part  of  the  solid  tissue  of 
plants  ;  so  (hat  it  would  appear  that, 
like  minerals,  plants  have  a  water  of 
crystallization  independently  of  their 
water  of  vegetation. 

As  it  has  been  pretty  well  made  out 
that  all  the  oxygen  given  off  by  plants 
is  produced  by  the  decomposition  of 
carbonic  acid,  and  as  no  one  has  ever 
been  able  to  detect  the  emission  of 
hydrogen  by  any  plants  except  Mush¬ 
rooms,  it  is  inferred  that,  if  the  water 
which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of 
the  various  secretions  which  contain 
more  oxygen  (acids),  or  more  hydrogen 
(oils),  than  water  ;  but  as  the  greater 
part  of  vegetable  substances,  such  as 
gum,  sugar,  fecula,  &c.,  contain  oxy¬ 
gen  and  hydrogen  in  the  same  propor¬ 
tions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed 
and  simply  fixed. 

It  was  formerly  thought  that  nitro¬ 
gen,  or  azote,  has  nothing  to  do  with 
the  nutrition  of  plants,  and  that  in 
those  cases  where  it  was  met  with  it 
was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had 
been  inhaled  and  deprived  of  its  oxygen 
and  carbonic  acid.  But  its  constant 
presence  in  combination  with  the  tissue 
of  Mushrooms  and  of  Cruciferous  plants, 
in  gluten,  and  what  chemists  call  vege¬ 
table  albumen,  and  also  in  vegetable 
alkalies,  seems  a  sufficiently  strong 
proof  of  its  contributing,  in  some  way 
or  other,  to  the  nutrition  of  the  vege¬ 
table  system. 

We  might  stop  here  in  explaining 
the  nature  of  the  food  of  plants,  if  it 
were  not  for  the  great  quantity  of  me¬ 
tallic,  earthy,  and  other  matters  which 
are  taken  up  by  them  from  the  soil, 
and  afterwards  deposited  in  their  tissue; 
matters  which  possibly  do  not  contri¬ 
bute  to  their  nutrition,  but  about  the 
real  nature  of  whose  action  we  have 
no  evidence. 

One  of  the  most  remarkable  of  these 
is  silex,  which  is  secreted  by  certain 
plants  in  prodigious  quantity.  All 
Grasses  abound  in  it ;  usually  it  fixes 
itself  in  their  cuticle ;  but  in  the  Bam¬ 
boo  it  is  also  deposited  in  considerable 
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quantity  in  their  hollow  joints  under 
the  form  of  the  substance  called  Taba- 
sheer.  The  skin  of  the  Rattan  Palm 
abounds  so  much  in  silex  that  it  will 
strike  fire  with  a  piece  of  steel ;  the 
same  substance  exists  in  Teak  and 
other  kinds  of  wood,  to  which  it  gives 
a  peculiarly  gritty  texture  ;  and  in  the 
genus  Equisetum,  or  Horsetail,  one 
species  of  which  is  used  for  polishing 
wood,  in  consequence  of  the  whole  sur¬ 
face  being  composed  of  compact  sili- 
cious  particles.  It  was  once  thought 
that  silex  must  be  actually  formed  by 
the  action  of  the  vital  principle  of  vege¬ 
tation  ;  but  Berzelius  has  proved  that 
newly-forming  silex  is  soluble  in  water, 
and  consequently  it  is  more  probable, 
as  has,  indeed,  been  recently  proved, 
that  it  is  in  a  state  of  solution  that  it 
enters  the  system,  and  is  afterwards 
separated  from  the  water.  Considering 
the  immense  quantity  of  water  that 
passes  through  a  plant  in  the  course 
of  its  growth,  there  is  no  difficulty  in 
conceiving  the  possibility  of  the  largest 
amount  of  silex  which  is  ever  met  with 
in  vegetation  originating  in  this  way ; 
but  there  is  still  one  circumstance  to 
be  accounted  for.  If  we  grow  a  Pea 
and  a  grain  of  Wheat  in  the  same  soil, 
the  plant  which  results  from  the  latter 
will  abound  in  silex,  while  that  from 
the  former  will  not.  Now  we  have  no 
reason  to  suppose  that  these  two  spe¬ 
cies  have  any  special  power  of  select¬ 
ing  their  food,  and  that  the  silex 
passes  freely  into  the  one  while  it  is 
stopped  by  filtration  in  the  other  case  : 
on  the  contrary,  all  that  we  know  of  the 
functions  of  roots  leads  us  to  believe 
that  both  absorb  the  silex  equally. 
What  then  becomes  of  it  in  the  Pea? 
This  is  a  question  still  to  answer. 

Lime,  and  many  of  its  salts,  espe¬ 
cially  the  sulphate  and  phosphate, 
magnesia,  potash,  soda,  sulphur,  phos¬ 
phorus,  several  metals,  and  a  number 
of  other  species  of  matter,  occur  in 
plants,  in  greater  or  less  abundance, 
all  evidently  taken  up  from  the  soil. 
Of  these  soda  is  the  best  known  and 
most  abundant,  existing  to  the  amount 
of  as  much  as  fifty-five  per  cent,  in  the 
state  of  a  carbonate  in  the  ashes  of  Sal- 
sola  sativa  in  Sicily  (Fie) ;  and  cop¬ 
per  the  least  suspected  and  most  cu¬ 
rious.  This  metal  is  stated  by  Sarzeau, 
according  to  De  Candolle,  to  form 
eight  parts  in  a  million  in  coffee,  and 
about  four  parts  and  a  half  in  a  mil¬ 
lion  in  wheat ;  whence  this  chemist 


has  calculated  that  we  annually  import 
into  Europe  more  than  1200lbs.  weight 
of  copper  in  our  coffee,  and  that  the 
French  annually  consume  nearly 
8000lbs.  in  their  bread.— {Journal  de 
Pharmacie,  1830,  p.  505.) 

By  what  means  plants  are  enabled 
to  procure  the  various  kinds  of  matter 
which  we  have  seen  to  enter  into  their 
system,  is  the  next  subject  of  consider¬ 
ation.  The  roots  are  no  doubt  the 
organs  which  are  specially  destined  for 
this  office  ;  it  is  they  which  are  placed 
in  the  most  favourable  situation  for 
such  a  purpose  :  and  which,  from  their 
organization  and  mode  of  growth,  seem 
also  to  be  the  best  adapted  to  it.  When 
young  they  consist  of  a  sheath  of  thin 
and  exceedingly  hygrometrical  cellular 
tissue  (fig.  92,  a  a),  surrounding  a 


Fig.  92. 


bundle  of  woody  and  vascular  matter, 
b  b.  At  this  period  they  contain  mu¬ 
cilaginous  matter,  which  enables  them 
to  attract  fluids  from  the  soil  that 
surrounds  them,  and  having  obtained 
it,  they  send  it  upwards  into  the  gene¬ 
ral  system.  The  power  of  suction  which 
is  thus  given  to  them  is  incessantly  in 
action,  and  with  a  force  that  is  almost 
incredible,  considering  the  smallness 
of  the  means  by  which  it  is  effected 
this  will  be  evident  when  it  is  seen 
with  what  force  the  sap  of  a  plant  is 
impelled  upwards  at  certain  periods  of 
the  year  (see  Chapter  VI.),  and  when 
it  is  mentioned  that  Hales  found  a  Sun¬ 
flower,  three  feet  high,  lose  twenty 
ounces  of  water  daily,  to  supply  which 
the  roots  must  have  obtained  from  the 
soil  not  twenty,  but  thirty  ounces  of 
fluid  daily  ;  for,  according  to  Senebier, 
a  plant  retains,  on  the  average,  one- 
third  part  of  all  the  water  that  enters 
its  system,  and  fixes  it  in  a  solid  form. 

It  is  only,  however,  in  their  youngest 
state  that  the  roots  have  this  extraor¬ 
dinary  power ;  as  soon  as  their  tissue 
becomes  charged  with  earthy  matter, 
deposited  hy  the  entering  fluids  in 
their  passage  from  the  soil,  their  power 
of  suction  is  diminished,  and  seems  in 
the  end  to  cease  altogether.  Thus,  if 
you  take  a  carrot  and  place  the  point 
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of  its  root  in  water,  it  will  suck  up  the 
moisture  as  well  as  if  the  whole  root 
were  immersed;  and  on  the  other  hand, 
if  you  place  the  whole  root  in  water, 
except  the  point  or  newly-formed  part, 
it  will  not  suck  up  the  fluid  in  any 
considerable  quantity.  For  this  reason 
the  young  tips  of  the  roots  are  of  the 
utmost  importance  to  a  plant,  and  its 
well-being  depends  in  a  greater  de¬ 
gree  upon  their  preservation  than  upon 
any  other  circumstance.  In  conse¬ 
quence  of  the  great  impoitance  of  the 
tips  of  the  roots,  they  have  received 
the  special  name  of  spongioles  or 
spongelets,  and  are  sometimes  spoken 
of  as  if  they  were  really  distinct  or¬ 
gans  ;  they  are,  however,  nothing 
more  than  the  young  and  tender  extre¬ 
mities  of  the  roots.  As  fast  as  they 
solidify,  they  lose  their  power,  and 
cease  to  be  spongelets  ;  but  as  the 
roots,  when  growing,  are  incessantly 
forming  new  matter  at  their  points, 
spongelets  are  perpetually  present, 
notwithstanding  that  they  are  perpe¬ 
tually  disappearing. 

If  we  take  this  circumstance  in  con¬ 
nexion  with  the  fact,  that,  in  general, 
roots  do  not  lengthen  except  by  the 
addition  of  new  matter  to  their  points, 
we  shall  find  that  the  function  of  feed¬ 
ing  in  plants  is  one  of  the  most  beau¬ 
tiful  instances  of  contrivance  in  the 
whole  vegetable  kingdom.  Growing, 
as  they  do,  in  a  solid  resisting  me¬ 
dium,  if  they  lengthened  by  a  general 
extension  of  previously  formed  parts, 
they  would  be  constantly  interfered 
with  by  the  uncertain  nature  of  the 
earth  in  which  they  are  developed  ;  as 
the  degree  of  resistance  offered  by  soil 
to  any  solid  passing  through  it,  is, 
from  its  very  nature,  most  unequal  and 
uncertain,  it  would  be  impossible  that 
the  force  with  which  the  roots  push 
forward  could  be  ever  proportioned  to 
the  resistance  opposed  to  their  ad¬ 
vance,  and,  consequently,  they  would 
become  so  twisted  and  knotted,  that 
their  fluids  would  no  longer  circulate 
through  them  with  the  regularity  re¬ 
quired  by  the  exigencies  of  the  stem 
and  leaves.  And  if  they  absorbed  fluid 
from  every  part  of  their  surface,  the 
soil  round  a  tree  must  become  so  dried 
up,  that,  as  the  roots  cannot  stir  from 
the  place  where  they  are  first  formed, 
they  would  speedily  perish  from  the 
consequences  of  their  own  action  upon 
the  earth  that  surrounds  them.  Pro¬ 
vidence  has,  however,  so  .  contrived 


them,  that  they  are  exposed  to  no  such 
effects.  Increasing  by  constant  addi¬ 
tions  of  young  matter  to  their  delicate 
points,  they  are  able  to  insinuate  them¬ 
selves  between  the  solid  particles  of 
the  soil  with  the  greatest  facility,  in 
which  they  are  much  assisted  by  the 
softness  and  pliability  of  their  new¬ 
born  tissue  ;  thus  we  find  them  able 
to  pierce  the  little  cracks  in  a  stone 
till  they  have  passed  beyond  it,  when 
their  power  of  expansion  will  often  en¬ 
able  them  to  burst  it;  and  we  often 
see  them  insinuating  themselves  into 
the  crevices  of  walls,  and  penetrating 
solid  masses  of  brickwork.  If,  how¬ 
ever,  the  rootlets  insinuate  themselves 
into  a  crevice  to  which  there  is  no  out¬ 
let,  they  are  merely  arrested  in  their 
advance  ;  and  the  facility  with  which 
they  subdivide  into  other  branches, 
enables  them  immediately  to  counter¬ 
act  the  inconvenience  produced  by 
their  stoppage,  by  emitting  from  their 
sides  a  number  of  little  sprouts,  each 
of  which  will  advance  into  the  soil  in 
search  of  moisture.  The  same  pro¬ 
perty  prevents  their  exhausting  the 
soil  of  the  moisture  that  surrounds 
them,  for  they  are  all  their  lives  long 
removing  from  the  exhausted  point  to 
new  and  untouched  soil;  and  this  so 
effectually,  that  animals,  with  their 
powers  of  movement  to  aid  them,  are 
not  better  able  to  roam  in  search  of 
fresh  pastures,  than  the  seemingly  mo¬ 
tionless  roots  are  to  seek  incessantly 
for  new  feeding  places.  Some  plants 
will  send  out  their  roots,  under  particu¬ 
lar  circumstances,  to  great  distances 
in  search  of  food  ;  and  their  length 
will  be  amazingly  disproportionate  to 
the  height,  of  their  stems.  The  Lu¬ 
cerne  plant  has  a  stem  about  two  feet 
high ;  its  roots  have  been  taken  from 
below  the  face  of  the  escarpment  of  a 
sand-pit,  as  much  as  thirty  feet  in 
length  ;  so  that  many  of  the  little 
leaves  had  to  be  supplied  by  a  living 
well  three  hundred  and  sixty  times 
deeper  than  themselves.  Powerful  and 
important  as  the  action  of  the  roots 
must  be,  we  must  not  suppose,  on  that 
account,  that  it  is  the  sole  medium  by 
which  nutritive  matter  passes  into  the 
system  of  a  plant.  Orchideous  plants, 
and  certain  species  of  the  Fig,  have  been 
suspended  in  the  air,  and  they  have 
continued  to  live,  although  their  roots 
were  destroyed  ;  a  species  of  Tilland- 
sia  is  tied  to  the  iron  balconies  of  the 
houses  in  Buenos  Ayres,  and  there  it 
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lives  and  flowers ;  the  Dodder  clings 
round  the  stems  of  the  Heath  and 
Furze,  and  grows,  flowers,  and  fruits 
during  the  greater  part  of  its  life  with¬ 
out  any  communication  with  the  soil ; 
Misletoe  has  been  made  to  sprout  upon 
the  surface  of  a  cannon-ball ;  and 
other  instances  might  be  mentioned  in 
which  plants  have  grown  without  roots. 
If  plants  which  have  withered  are 
syringed,  they  recover  their  freshness ; 
and  if  the  atmosphere  of  a  badly  ma¬ 
naged  greenhouse  is  saturated  with 
moisture,  the  starved  and  dying  plants 
recover.  In  all  these  cases  it  seems 
impossible  to  doubt  that  a  certain 
quantity  of  moisture,  and  consequently 
of  food,  is  absorbed  by  the  surface  of  a 
plant,  independently  of  roots ;  for  we 
cannot  ascribe  all  the  cases  just  re¬ 
ferred  to,  to  the  prevention  of  evapo¬ 
ration.  Nor,  indeed,  does  one  see  why 
we  should ;  for  any  soft  and  succulent 
tissue  is,  as  we  have  seen,  capable  of 
absorbing  moisture  thiuugh  its  sides  in 
a  greater  or  less  degree,  and  such 
tissue  exists  on  the  bark  and  leaves  of 
all  plants.  It  must,  however,  be  re¬ 
membered,  that  whatever  power  we 
may  ascribe  to  the  leaves  and  stems  of 
plants  of  keeping  up  the  nutrition  of 
the  system  in  the  absence  of  roots,  yet 
that  their  power  is  as  nothing  com¬ 
pared  with  the  efficiency  of  the  roots 
themselves. 

If,  then,  it  is  by  the  roots  that  plants 
are  enabled  to  feed,  and  if  it  is  more 
especially  by  their  young  and  tender 
points,  the  importance  of  preserving 
those  delicate  organs  must  be  obvious, 
while  the  mischief  that  will  of  neces¬ 
sity  result  from  their  mutilation  or  de¬ 
struction  will  be  readily  appreciated  ; 
for  although  they  may  be  renewed  when 
destroyed,  yet  their  replacement  is  a 
slow  operation,  and,  in  many  species, 
is  performed  with  difficulty,  except 
under  very  favourable  circumstances. 
The  reader  who  is  acquainted  with 
gardening  or  planting  will  not  fail  to 
perceive  the  immense  importance  of 
these  considerations  as  connected  with 
transplanting  trees  ;  and  that  the  vio¬ 
lence  and  carelessness  with  which 
plants  are  frequently  torn  out  of  one 
place  arid  thrust  into  another,  are  any¬ 
thing  but  calculated  to  ensure  a  suc¬ 
cessful  result. 


Chapter  IV. 

Of  Digestion ;  or  the  means  by  which 

the  crude  Sap  is  converted  into  the 

peculiar  secretions  of  Plants. 

When  the  food  of  a  plant  enter?  the 
roots  it  passes  upwards,  undergoing 
some  kind  of  chemical  change,  and  dis¬ 
solving  whatever  soluble  matters  it 
meets  with  in  its  course;  so  that, with¬ 
out  having  been  exposed  to  any  of 
those  conditions  by  which  it  is  ulti¬ 
mately  and  principally  affected,  it  is 
considerably  altered  from  its  original 
nature  before  it  reaches  the  leaves.  If 
the  trunk  of  a  Birch  tree  be  tapped  in 
the  spring,  near  the  ground,  it.  will  dis¬ 
charge  in  great  abundance  a  whitish 
limpid  fluid,  which  is  the  rising  sap ; 
but  if  the  sap  be  obtained  from  an 
aperture  five  or  six  feet  higher,  it  will 
be  perceptibly  astringent ;  and  at  a 
higher  point  still,  its  difference  from 
that  near  the  root  will  be  still  more 
apparent. 

It  has  already  been  remarked,  that 
a  portion  of  the  water  which  plants 
suck  up,  combines  with  the  tissue,  and 
enters  into  the  general  constitution, 
where  it  becomes  fixed,  as  the  water  of 
crystallization  in  minerals.  This  ap¬ 
parently  takes  place  in  the  course  of 
the  ascent  of  the  sap,  before  the  latter 
reaches  the  leaves  and  becomes  ex¬ 
posed  to  that  sort  of  decomposition  and 
alteration  which  is  here  called  diges¬ 
tion,  and  with  the  phenomena  attend¬ 
ant  upon  which  we  are  best  acquainted. 
Under  what  influences,  except  that  of 
the  vital  principle,  a  decomposition  of 
the  sap  takes  place  before  it  reaches  the 
leaves,  we  are  ignorant.  Butwhen  it  has 
reached  the  leaves,  and  thus  becomes 
exposed  to  the  effect  of  light,  its  ac¬ 
tion  is  less  removed  from  our  powers  of 
observation  ;  and  physiologists  have 
succeeded  in  ascertaining,  to  a  great 
extent,  the  exact  nature  of  the  changes 
it  undergoes. 

What  we  find  it.  most  necessary  to 
insist  upon  in  this  place,  are  the  three 
following  axioms,  to  which  the  experi¬ 
ments  of  careful  observers  and  skilful 
reasoners  have  led:— 1.  The  quantity 
of  water  lost  to  a  plant  by  evaporation, 
and  its  power  of  absorption  from  the 
soil,  is  in  proportion  to  the  quantity 
of  light.  2.  Light  causes  a  decom¬ 
position  of  the  carbonic  acid  of  vegeta¬ 
tion,  and  consequently,  by  solidifying 
the  tissue,  renders  the  parts  most 
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exposed  to  it  the  hardest.  3.  The 
digestion  of  plants  chiefly  consists  in  a 
loss  of  water  by  evaporation,  and  in  an 
acquisition  of  carbon,  by  the  decompo¬ 
sition  of  carbonic  acid. 

That  the  quantity  of  water  lost  to  a 
plant  by  evaporation  is  in  proportion 
to  the  quantity  of  light  is  easily  proved 
by  the  following  experiment,  mentioned 
by  De  Candolle “  If  you  select  three 
plants  in  leaf,  of  the  same  species,  of 
the  same  size,  and  ofthe  same  strength, 
and  place  them  in  close  vessels,  one  in 
total  darkness,  the  other  in  the  dif¬ 
fused  light  of  day,  and  the  third  in  the 
sunshine,  it  will  be  found  that  the  first 
pumps  up  very  little  water,  the  second 
much  more,  and  the  third  a  great  deal 
more  than  either.  These  results  vary 
according  to  species  and  circumstances ; 
but  it  uniformly  happens  that  plants  in 
the  sun  adsorb  more  than  those  in  dif¬ 
fused  light,  and  the  latter  more  than 
those  in  darkness ;  the  last,  however, 
pumping  up  something.  If,  again,  we 
take  three  similar  plants,  and,  prevent¬ 
ing  their  absorption  by  the  roots,  after 
weighing  them  carefully,  place  them 
in  three  similar  situations,  we  shall  find 
that  that  exposed  to  the  sun  has  lest  a 
great  quantity  of  water,  that  in  com¬ 
mon  daylight  a  less  amount,  and  that 
which  was  in  total  darkness  almost 
nothing.”  Hence  it  may  seem  proved, 
that  the  action  of  solar  light  is  the  great 
exciting  cause  of  suction  at  the  one 
end,  and  of  evaporation  at  the  other 
end  of  a  plant;  and  that,  in  the  night¬ 
time,  plants  gain  weight,  while  they 
lose  it  in  the  day-time.  It  is  not,  how¬ 
ever,  clear,  that,  to  speak  rigorously, 
although  we  may  talk  of  light  as  being 
the  sole  cause  of  these  phenomena,  it 
is  not  rather  the  dryness  of  the  atmo¬ 
sphere,  caused  by  the  heat  of  sunlight, 
as  compared  with  the  moisture  of  the 
air  in  the  absence  of  the  sun.  Thus, 
plants  in  a  dry  sitting-room,  to  which 
the  sun  has  no  access,  undoubtedly 
perspire  by  their  leaves,  and  absorb  by 
their  roots,  more  than  if  they  were  ex¬ 
posed  to  the  sun  in  a  moister  atmo¬ 
sphere. 

Whatever  doubt  there  may  be  con¬ 
cerning  the  precise  causes  of  evapora¬ 
tions,  there  can  be  none  whatever  as 
to  the  power  which  sunlight  has  to 
cause  the  decomposition  of  carbonic 
acid,  the  fixing  ofthe  carbon,  and  the 
giving  out  of  oxygen. 

“  If,”  says  De  Candolle,  “  two  plants 
are  exposed,  one  to  darkness  and  the 


other  to  the  sun,  in  close  vessels,  and 
in  an  atmosphere  containing  a  known 
quantity  of  carbonic  acid,  and  are  re¬ 
moved  at  the  end  of  twelve  hours,  we 
shall  find  that  the  first  has  diminished 
neither  the  quantity  of  oxygen  nor  of 
carbonic  acid  ;  and  that  in  the  second, 
on  the  contrary,  the  quantity  of  car¬ 
bonic  acid  has  diminished,  while  the 
quantity  of  free  oxygen  has  increased 
in  the  same  proportion.  Or  ifwe  place 
two  similar  plants  in  closed  vessels  in 
the  sun,  the  one  in  a  vessel  containing 
no  carbonic  acid,  and  the  other  in  air 
which  contains  a  known  quantity  of  it, 
we  shall  find  that  the  air  in  the  first 
vessel  has  undergone  no  change,  while 
that  in  the  second  will  indicate  an  in¬ 
crease  of  oxygen  proportioned  to  the 
quantity  of  carbonic  acid  which  has 
disappeared  ;  and  if  the  experiment  is 
conducted  with  sufficient  care,  we  shall 
discover  that  the  plant  in  question  has 
gained  a  proportionable  quantity  of  car¬ 
bon.  Therefore,  the  carbonic  acid 
which  has  disappeared  has  given  its 
oxygen  to  the  air  and  its  carbon  to  the 
plant,  and  this  has  been  produced  solely 
by  the  action  of  solar  light.” 

However  varied  experiments  may  be, 
they  all  lead  to  the  same  result,  and 
compel  us  to  acknowledge  Ihe  great 
importance  of  light  to  plants,  in  en¬ 
abling  them  to  digest  the  crude  matter 
which  they  gain  from  the  soil.  In  fact, 
there  is  nothing  of  which  we  have  any 
certain  knowledge  that  interferes  with 
these  conclusions.  We  see  in  practice 
that  the  more  plants  are  exposed  to 
light  when  growing  naturally,  the 
deeper  is  their  green,  the  more  robust 
their  appearance,  and  the  greater  the 
abundance  of  their  odours  or  resins  ; 
and  we  know'  that  all  the  products  to 
which  these  appearances  are  owing  are 
highly  carbonized.  On  the  conlrary, 
the  less  a  plant  is  exposed  to  sunlight, 
the  paler  are  its  colours,  the  laxer  its 
tissue,  the  fainter  its  smell,  and  the  less 
its  flavour.  Hence  it  is  that  the  most 
odoriferous  herbs  are  found  in  greatest 
perfection  in  places  or  countries  in 
which  the  sunlight  is  the  strongest — 
as  sweet  herbs  in  Barbary  and  Pales¬ 
tine,  Tobacco  in  Persia,  and  Hemp  in 
the  bright  plains  of  extratropical  Asia. 
The  Peach,  the  Vine,  and  the  Melon, 
also,  no  where  acquire  such  a  flavour 
as  under  the  brilliant  sun  of  Cashmere, 
Persia,  Italy,  and  Spain. 

This  is  not,  however,  a  mere  ques¬ 
tion  ofluxury,  as  odour  or  flavour  may 
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be  considered.  The  fixing  of  carbon  by 
the  action  of  light  contributes  in  an 
eminent  degree  to  the  quality  of  tim¬ 
ber— a  point  of  no  small  importance  to 
all  countries.  It  is  in  a  great  degree 
to  the  carbon  incorporated  with  the 
tissue,  either  in  its  own  proper  form,  or 
as  resinous  or  astringent  matter,  that 
the  different  quality  in  the  timber  of 
the  same  species  of  tree  is  principally 
owing.  Isolated  Oak  trees,  fully  exposed 
to  the  influence  of  light,  become  a 
tougher  and  a  more  durable  timber 
than  the  same  species  growing  in  dense 
forests  ;  in  the  former  case  its  tissue  is 
solidified  by  the  greater  quantity  of  car¬ 
bon  fixed  in  the  system  during  its 
growth.  Thus  we  have  every  reason 
to  believe  that  the  brittle  Wainscot  Oak 
of  the  Black  Forest  is  produced  by  the 
very  same  species  as  produces  the 
tough  and  solid  naval  timber  of  Great 
Britain.  Starch,  again,  in  which  car¬ 
bon  forms  so  large  a  proportion,  and 
which,  in  the  Potato,  the  Cassava, 
Corn,  and  other  plants,  ministers  so 
largely  to  the  nutriment  of  man,  de¬ 
pends  for  its  abundance  essentially 
upon  the  presence  of  light.  For  this 
reason,  Potatoes  grown  in  darkness  are, 
as  we  say,  watery,  in  consequence  of 
no  starch  being  developed  in  them,  and 
the  quantity  of  nutrition  or  amylaceous 
matter  they  contain  is  in  direct  pro- 
pottion  to  the  quantity  of  light  to  which 
they  are  exposed.  For  this  reason, 
when  orchard-ground  is  under-cropped 
with  potatoes,  the  quality  of  their 
tubers  is  never  good ;  because  the 
quantity  of  light  intercepted  by  the 
leaves  and  branches  of  the  orchard- 
trees  prevents  the  formation  of  car¬ 
bon  by  the  action  of  the  sun’s  rays 
upon  the  carbonic  acid  of  the  Potato- 
plant.  Mr.  Knight  has  turned  his 
knowledge  of  this  unquestionable  fact 
to  great  account  in  his  application  of 
the  principles  of  vegetable  physiology 
to  horticultural  purposes. 

It  is  to  the  power  which  the  sun’s 
rays  possess  of  decomposing  carbonic 
acid,  and  fixing  the  residual  carbon, 
that  many  of  the  directions  which  the 
parts  of  plants  assume  are  ascribable. 
When,  for  instance,  a  branch  first  quits 
a  stem,  its  own  weight  would  give  it  a 
tendency  downwards,  if  it  were  not  for 
the  effect  of  light  from  above,  which 
solidifies  the  parts  exposed  to  it.  Let 
any  one  expose  a  green  branch  in  such 
a  manner  that  light  strikes  it  only  on 
one  side ;  the  tissue  of  that  side  will 


fix  most  carbon,  will  become  harder,  and 
will  lengthen  less  ;  while  the  opposite 
will  fix  less  carbon,  be  less  hard,  and 
will  lengthen  more;  the  consequence 
of  which  will  be,  that  the  illuminated 
side  will  contract,  and  pull  the  branch 
towards  the  light.  This,  if  rightly  con¬ 
sidered,  will  of  itself  explain  the  uni¬ 
form  tendency  of  the  green  parts  of 
plants  to  turn  towards  the  light;  and 
if  it  will  not  account  for  such  pheno¬ 
mena  as  that,  of  the  Sunflower  turning 
its  flowers  constantly  to  the  sun,  and 
following  him  in  his  course,  as  we  find 
repeated  by  author  after  author,  that 
circumstance  is  ascribable  not  to  any 
defect  in  the  explanations  that  have 
just  been  given,  but  to  the  ulleged phe¬ 
nomenon  having  no  existence  in  nature. 

What,  then,  with  the  evaporation  of 
the  watery  parts,  the  fixing  of  a  part 
of  the  water,  and  the  decomposition  of 
carbonic  acid,  the  crude  sap  of  plants 
is  changed  from  its  original  nature  to 
the  secretions  which  are  peculiar  to 
different  species ;  but  by  what  other 
means,  unless  by  the  specific  action  of 
the  vital  principle,  are  established  the 
new  proportions  of  oxygen,  hydrogen, 
and  carbon,  and  occasionally  of  nitro¬ 
gen,  which  are  necessary  to  form  the 
acids,  resins,  gums,  sugars,  amylaceous 
alkaline,  and  other  forms  of  matter 
which  are  met  with  in  plants,  is  still 
unknown. 

The  deposit  of  these  substances,  and 
of  the  earthy,  metallic  and  other  extra¬ 
neous  materials  which  pass  into  the 
system  of  a  plant,  along  with  its  fluid 
nutriment,  gradually  consolidates  the 
tissue,  cases  over  its  sides,  chokes  up 
its  intercellular  passages,  and  prevents 
the  organic  membrane  from  perform¬ 
ing  its  functions.  When  this  happens, 
the  part  in  which  it  occurs  dies,  or  at 
least  ceases  to  be  capable  of  further 
action ;  and  thus  wood  and  bark  be¬ 
come  incapable  of  conveying  fluid,  and 
leaves  fall  from  the  branch  that  bears 
them.  This,  which  is  called  the  fall  of 
the  leaf,  has  always  been  a  puzzling 
circumstance  to  account  for.  One  man 
has  assigned  it  to  the  rupture  of  the 
spiral  vessels  which  connect  the  leaf 
with  the  stem ;  another  has  called  it 
analogous  to  the  sloughing  of  parts  in 
animals,  without  pretending  to  explain 
the  organic  cause;  others  have  simply 
said  that  leaves  fall  off  because  they 
are  dead.  Perhaps  the  following  ex¬ 
planation  may  not  be  far  removed 
from  the  truth.  The  space  where  the 
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base  of  a  leaf  is  connected  with  a  stem 
may  be  represented  by  the  circle  a,  b, 
c,  d,  fig.  93.  When  both  the  leaf  and 
stem  are  in  a  state  of  health,  they  con¬ 
tinue  to  grow  equally,  the  base  of  the 
leaf  stretching  and  increasing  in  dia¬ 
meter  as  the  circumference  of  the  stem 
is  enlarged  in  consequence  of  its  dis¬ 
tention  by  the  wood  which  is  forming 
within  it ;  and  it  is  obvious,  that  so 
long  as  this  mutual  adaptation  goes 
on,  the  organic  connexion  between  the 
leaf  and  stem  will  not  be  inter¬ 
rupted.  But  let  the  base  of  the  leaf, 
a,  b,  c,  d,  lose  its  power  of  growth,  in 
consequence  of  being  killed  by  the  de¬ 
posit  of  foreign  substances  in  it,  the 
growth  of  that  part  of  the  stem  which 
answers  to  this  circle  will  not  therefore 
be  interrupted,  but  will  go  on  growing, 
and  in  time  will  occupy  the  space  de¬ 
scribed  by  the  circle  e,  f,  g,  h.  To 
effect  this,  all  the  parts  inclosed  within 
the  circle  e,  f,  g,  h  must  become  dis¬ 
joined  from  those  of  the  leaf  compre¬ 
hended  within  the  circle  a,  b,  c,  d,  and 
the  inevitable  consequence  will  be  the 
separation  of  the  two,  when  the  leaf 
will  drop  off.  What  gives  this  expla¬ 
nation  the  greater  appearance  of  pro¬ 
bability  is  the  well-known  fact,  that 
leaves  do  notdrop  off  thestems  of  Endo- 
gens,  which  never  increase  in  diameter ; 
in  such  cases  they  simply  perish  and  rot 
away.  It  roust,  however,  be  remem¬ 
bered,  that  whatever  value  there  may 
be  in  this  explanation  of  the  fall  of  the 
leaf,  it  will  by  no  means  account  for 
other  instances  of  disarticulation  be¬ 
tween  different  organs,  or  different 
parts  of  the  same  organ ;  such  as  the 
separation  of  the  upper  half  of  the  cap¬ 
sule  of  the  Pimpernel  (fig.  65  b)  from 
the  lower,  the  dropping  in  pieces  of  a 

Fig.  93. 


lomentaceous  legume,  the  separation  of 
the  valves  of  a  Cruciferous  pod  from 
their  frame  (fig.  63  c),  and  the  like. 


The  causes  of  these  things  are  totally 
unknown. 

Chapter  Y. 

Of  Respiration,  and  of  the  Effects  of 

Vegetation  upon  the  Atmosphere. 

Under  the  name  of  respiration  we 
shall  include  all  that  is  connected  with 
the  inhaling  and  giving  off  of  gaseous 
matter  by  plants. 

This  function  is  chiefly  connected 
with  the  absorption  of  oxygen  and 
carbonic  acid,  and  their  expiration. 
By  a  vast  number  of  experiments,  che¬ 
mists  have  determined  that  the  green 
parts  of  plants  placed  in  the  sun  ab¬ 
sorb  carbonic  acid  from  the  atmo¬ 
sphere,  and  decompose  it,  giving  back 
the  oxygen ;  and  that,  at  night,  they 
absorb  oxygen  from  the  atmosphere, 
giving  off  carbonic  acid ;  it  is  also  pro¬ 
bable  that  they  part  with  a  small 
quantity  of  carbonic  acid  during  the 
day. 

When  the  first  observers  remarked 
that,  if  green  leaves  were  placed  in 
water  in  the  sunshine,  bubbles  of  air 
were  produced,  it  was  not  clear  whe¬ 
ther  the  gas  originated  from  the  leaves 
or  the  water ;  nor  was  it  known  that 
the  bubbles  might  not  be  produced  by 
air  adhering  to  the  leaves.  None  have 
conducted  their  researches  into  this 
curious  subject  with  more  care  than 
Theodore  de  Saussure,  Ser.ebier,  and 
De  Candolle ;  the  result  of  whose  in¬ 
vestigations  is  briefly  this.  Three  condi¬ 
tions  are  necessary,  in  order  to  secure 
the  disengagement  of  oxygen  by  leaves  • 
firstly,  the  parts  must  be  green ;  se¬ 
condly,  they  must  be  exposed  to  the 
direct  action  of  the  solar  rays;  and, 
thirdly,  there  must  be  carbonic  acid  in 
the  water. 

The  circumstance  that  green  parts 
alone,  with  a  few  exceptions,  are  capa¬ 
ble  of  giving  off  oxygen,  sufficiently 
proves  that  it  cannot  result  from  what 
atmospheric  air  may  adhere  to  the 
leaves  under  experiment ;  and  Sene- 
bier  ascertained  that,  if  the  green  parts 
are  exhausted  of  their  air  by  the  air- 
pump,  they  will  nevertheless  emit  air- 
bubbles  as  usual  when  placed  in  water 
in  the  sunshine.  That  this  is,  in  fact,  a 
vital  action,  is  proved  by  dead  leaves, 
still  green,  having  no  power  of  emitting 
gaseous  matter  until  they  begin  to  de¬ 
compose. 

It  is  not  sufficient  to  place  leaves  in 
bright  light  to  procure  the  emission  of 
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oxygen  by  their  leaves  in  water ;  it 
must  be  under  the  direct  rays  of  the 
sun.  De  Candolle  found  the  purest 
daylight,  the  brightest  lamplight,  in¬ 
sufficient  to  produce  the  phenomenon  : 
a  very  curious  result,  when  we  consi¬ 
der  how  large  a  part  of  vegetation  is 
seldom  exposed  directly  to  the  solar 
rays.  Of  course  nothing  like  emission 
of  oxygen  would  occur  at  night. 

It  is  not  even  any  kind  of  water  in 
which  oxygen  will  be  evolved  in  the 
sunshine;  neither  boiled  water,  nor 
distilled  water,  nor  that  in  which  nitro¬ 
gen,  hydrogen,  or  even  oxygen  have 
been  dissolved,  will  produce  the  result. 
But  if  a  small  quantity  of  carbonic 
acid  is  dissolved  in  the  water,  the 
green  parts,  stimulated  by  the  sun,  dis¬ 
engage  oxygen.  Various  ingenious 
means  have  been  contrived  to  prove 
this  fact,  and  to  show  that  the  quantity 
of  oxygen  given  out  is  proportioned  to 
the  quantity  of  carbonic  acid  decom¬ 
posed  ;  one  of  the  prettiest  experiments 
is  the  following,  by  De  Candolle  :  He 
placed  in  the  same  cistern  two  inverted 
glasses,  of  which  one  (A),  as  well  as 
the  cistern  itself,  was  filled  with  dis¬ 
tilled  water,  and  had  a  plant  of  Water- 
mint  floating  in  it ;  the  other  glass  (B) 
was  filled  with  carbonic  acid.  The 
water  of  the  cistern  was  protected  from 
the  action  of  the  atmosphere  by  a  deep 
layer  of  oil.  The  apparatus  was  ex¬ 
posed  to  the  sun.  The  carbonic  acid 
in  the  glass  B  diminished  daily,  as  was 
obvious  from  the  water  rising  in  it; 
and  at  the  same  time  there  ro^e  to  the 
top  of  the  glass  A  a  quantity  of  oxy¬ 
gen,  sensibly  equal  to  the  quantity  of 
carbonic  acid  absorbed.  During  the 
twelve  days  that  the  experiment  was 
continue  I,  the  Mint  plant  remained  in 
good  health  ;  while,  on  the  contrary,  a 
similar  plant,  placed  under  a  glass, 
filled  with  distilled  water  only,  had  dis¬ 
engaged  no  oxygen,  and  exhibited  ma¬ 
nifest  signs  of  decomposition.  The 
same  experiment  having  been  tried, 
only  employing  oxygen  in  the  place  of 
carbonic  acid,  no  gas  was  disengaged 
in  the  glass  that  contained  the  Mint 
plant. 

This  is  sufficient  to  show  that  the 
green  parts  of  plants  exposed  to  the 
sun  decompose  carbonic  acid.  By 
others,  not  less  ingenious,  it  has  been 
ascertained  that  the  carbon  which  is 
the  result  becomes  fixed  in  the  plant 
itself.  It  has  been  found  that  Peri¬ 
winkles  growing  where  carbonic  acid 


had  access  to  them,  gained  carbon ; 
while  similar  plants,  in  a  situation 
cut  off  from  the  access  of  carbonic 
acid,  not  only  gained  no  carbon,  but 
lost  apart  of  what  they  previously  pos¬ 
sessed. 

If  the  green  parts  are  placed  in  the 
dark,  in  a  receiver  full  of  atmospheric 
air,  we  find  that  the  quantity  of  oxy¬ 
gen  is  perceptibly  diminished.  From 
this,  and  many  other  considerations, 
we  are  forced  to  conclude  that  oxygen 
is  absorbed  by  plants  at  night.  This 
gas  does  not,  however,  remain  in  the 
system  of  a  plant  in  an  elastic  state, 
for  neither  the  air-pump  nor  heat  will 
disengage  it ;  but.  it  appears  to  incor¬ 
porate  itself  with  the  tissue,  since  solar 
light  readily  disengages  it.  The  infer¬ 
ence  therefoie  is,  that  it  is  absorbed  at 
night,  and  combines  with  the  carbon 
already  existing,  forming  carbonic  acid, 
and  that  the  latter  is  decomposed  by 
the  sun,  as  has  before  been  shown. 

Other  experiments  show,  that  al¬ 
though  the  absorption  of  oxygen  and 
the  decomposition  of  carbonic  acid  are 
the  principal  phenomena  of  respira¬ 
tion,  yet  that  a  small  quantity  of  car¬ 
bonic  acid  is  given  oft'  by  the  leaves 
both  day  and  night.  Hence  Professor 
Burnet  has  suggested  that,  under  the 
name  of  respiration,  two  distinct  func¬ 
tions  are  confounded,  and  that  respira¬ 
tion,  properly  so  called,  which  consists 
in  the  extrication  of  carbonic  acid,  is 
incessantly  in  action;  while  digestion, 
which  is  indicated  by  the  decomposi¬ 
tion  of  carbonic  acid  and  extrication  of 
oxygen,  takes  place  exclusively- in  day¬ 
light. 

That  the  direct  beams  of  tne  sun  are 
not  indispensable  to  it  under  ordinary 
circumstances  is  proved  by  the  power 
of  plants  to  form  green  matter,  which 
is  fixed  carbon, without  being  exposed  to 
the  sun,  as  we  daily  see  in  individuals 
growing  in  the  shade ;  so  that  it  would 
appear  that,  in  our  experiments,  plants 
are  not  precisely  in  a  condition  equiva¬ 
lent  to  what  is  natural  to  them.  The 
paleness,  the  want  of  strength,  the 
scentless,  tasteless  character  of  such 
plants  may,  however,  serve  to  convince 
us  that  they  have  far  less  power  of  de¬ 
composing  carbonic  acid  than  if  they 
grew  in  the  sunshine. 

From  whence,  it  may  be  inquired,  is 
the  large  quantity  of  carbonic  acid  ob¬ 
tained  which  is  thus  necessary  to  the 
support  of  plants  ?  Certainly  not  from 
the  atmosphere  alone,  for  it  does  not 
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usually  contain  more  than  one  part  in 
two  thousand  of  carbonic  acid.  There 
can  be  no  doubt  that  this  gas  is  sup¬ 
plied  principally  by  the  earth,  in  which 
it  exists  in  great  quantity ;  that  a 
part  is  obtained  from  the  atmosphere  ; 
and  that  a  certain  other  portion  results 
from  the  combination  of  the  oxygen 
of  the  atmosphere  with  the  carbon  of 
vegetation  ;  and  it  would  seem  as  if  a 
repeated  decomposition  and  recompo¬ 
sition  of  carbonic  acid  was  the  princi¬ 
pal  phenomenon  in  respiration.  When 
we  consider  how  essential  it  is  for  roots 
to  be  near  the  surface  of  the  soil,  that 

is,  within  reach  of  atmospheric  air,  and 
that  in  all  plants  the  principal  part  of 
the  roots  has  a  horizontal  direction  be¬ 
low  the  surface,  we  shall  see  at  once 
the  probability  that  this  tendency, 
when  we  connect  it  with  the  preceding 
facts,  is  given  them,  in  order  that  they 
may  be  favourably  situated  for  the  ac¬ 
cess  of  the  carbonic  acid,  either  formed 
in  the  soil  by  fermentation,  or  produced 
by  the  combination  of  the  oxygen  of 
the  atmosphere  with  the  carbon  of  the 
soil.  Theodore  de  Saussure’s  experi¬ 
ments  completely  prove  this. 

Hence  it  appears,  that  while  animals 
viti-.i»e  the  atmosphere  by  respiring 
caibonic  acid,  plants  purify  it  by  ab¬ 
sorbing  it.  It  may  be  said,  indeed,  that 
they  also  deteriorate  it  by  abstracting 
its  oxygen  :  but  it  is  to  be  remembered, 
that  if  they  inhale  it  at  night,  they  re¬ 
turn  it  in  the  day-time ;  and  Dr.  Dau- 
beny  has  ascertained  that  the  slight 
diminution  of  oxygen,  and  increase  of 
carbonic  acid,  which  takes  place  during 
the  night,  bears  no  considerable  pro¬ 
portion  to  the  degree  in  which  the 
contrary  effect  is  observable  during  the 
day.  Thus  Providence  provides  a  liv¬ 
ing  check  upon  miasmata,  and  has 
admirably  arranged  that  one  of  the 
kingdoms  of  nature  should  render  and 
maintain  the  world  in  a  state  habitable 
by  the  other. 

It  has,  indeed,  been  supposed  by 
some  French  botanists,  that  in  the  be¬ 
ginning,  the  world  had  an  atmosphere 
so  highly  charged  with  carbonic  acid, 
as  to  be  unfit  for  the  respiration  of  any 
animals  of  a  higher  order  than  mol¬ 
luscs  ;  that  plants  gradually  purified 

it,  depositing  in  the  earth  the  carbon 
thus  abstracted  in  the  form  of  coal, 
till  the  air  became  fit  to  be  breathed 
by  reptiles,  then  by  mammals,  &c., 
and  last  of  all  by  man.  But  although 


it  is  certain  that  carbonic  acid  is  in  so 
great  a  degree  1  he  nutriment  of  plants, 
and  although  Theodore  de  Saussure 
ascertained  that,  in  the  sunshine,  plants 
thrive  in  an  atmosphere  containing 
twelve  per  cent,  of  carbonic  acid,  yet 
the  same  observer  found  that,  in  the 
shade,  the  smallest  dose  added  to  what 
is  ordinarily  present  in  the  atmosphere 
was  deleterious. 

As  plants  part  with  carbonic  acid 
and  inhale  oxygen  at  night,  some  per¬ 
sons  have  fancied  that  they  must  ren¬ 
der  the  air  of  a  room  unwholesome ; 
but  if  we  remember  that  a  single  hu¬ 
man  being  will  vitiate  the  atmosphere 
infinitely  more  than  a  hundred  plants, 
we  shall  not  attach  much  importance 
to  this  opinion.  If  it  is  vitiated  at  all 
by  flowers,  it  is  by  their  powerful 
odours,  which  in  many  cases  act  upon 
the  nerves,  and  so  prove  inconvenient 
to  delicate  persons. 

What  we  now  have  seen  of  the  action 
of  the  leaves  and  green  parts  of  plants, 
will  enable  us  to  appreciate  the  adap¬ 
tation  of  their  internal  structure  to  per¬ 
form  their  functions.  We  have  found 
t  hem  to  consist  of  a  number  oflittle  cells 
or  bladders,  so  loosely  cohering,  that  the 
air  has  room  for  free  circulation  between 
them;  and  that  by  the  way  in  which 
they  are  arranged,  they  present  the 
greatest  possible  surface  to  the  action 
of  the  atmosphere.  Although  they 
are  inclosed  in  a  thick  cuticle,  yet  they 
are  provided  with  openings  through  it, 
called  stomates,  by  means  of  which 
free  admission  for  air  is  secured,  and 
through  which  it  may  be  expelled 
again  with  facility;  when  they  are 
submersed,  and  are,  consequently,  nei¬ 
ther  exposed  to  irregularities  of  tem¬ 
perature  nor  of  dryness  in  the  air,  they 
have  no  occasion  for  either  cuticle  or 
stomates,  for  the  water  in  which  they 
float  carries  the  air  dissolved  in  it  to 
every  part ;  and,  consequently,  sub¬ 
mersed  plants  have  neither.  It  is  true 
that  M.  De  Candolle  entertains  doubts 
whether  the  stomates  are  not  rather 
organs  of  evaporation ;  but  when  we 
consider  the  relation  they  bear  to  the 
air-cavities  in  leaves,  wTe  can  scarcely 
doubt  that  they  are  really  respiratory 
organs  ;  nor  does  it  appear  clear  why 
they  should  not,  in  fact,  perform  the 
functions  both  of  perspiration  and  re¬ 
spiration.  If  we  hold  a  leaf  of  Laurus- 
tinus  over  a  candle,  so  as  to  heat  the 
air  contained  in  it,  without  burning  the 
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leaf  itself,  the  air  will  be  expelled 
through  the  stomates  with  such  force 
as  to  extinguish  the  flame. 

With  regard  to  parts  not  green, 
which  botanists  usually  call  coloured, 
their  function  seems  to  be  to  absorb 
'oxygen  without  fixing  it,  and  they  ap¬ 
pear  to  possess  no  power  of  decom¬ 
posing  carbonic  acid  when  they  have 
formed  it.  Such  is  said  to  be  the  case 
with  roots,  old  trunks,  petals,  stamens, 
ripe  fruits,  Mushrooms,  and  certain 
Lichens.  A  part  of  their  carbonic  acid 
escapes  into  the  air,  a  part  is  dissolved 
in  their  fluids,  especially  in  the  roots, 
whence  it  passes  upwards  into  the 
system.  Flowers  are  said  to  replace  a 
small  part  of  the  oxygen  they  abstract 
by  an  exhalation  of  nitrogen. 

Chapter  VI. 

Of  Circulation ;  or  the  Movements  of 
Fluids  in  Plants. 

Compared  with  that  of  animals,  there 
is  no  such  thing  as  a  circulation  in  the 
fluid  matter  of  vegetation;  that  is  to 
say,  a  movement  throughout  the  sys¬ 
tem  from  and  to  one  common  point 
has  no  existence.  This  would  be  im¬ 
possible  from  the  absence  of  any  com¬ 
mon  seat  of  life,  and  from  the  exceed¬ 
ingly  compound  nature  of  a  plant, 
which  does  not  consist  of  a  single  sys¬ 
tem  of  growth,  but,  like  a  Polype, 
must  be  considered  as  composed  of 
myriads ;  for  each  bud  has  a  system 
of  circulation,  growth,  respiration,  and 
digestion  of  its  own,  and  a  plant  is 
nothing  but  a  great  number  of  such 
systems  combined  under  one  common 
cuticle,  and  living  in  concert. 

But  although  we  cannot  compare 
the  movement  of  vegetable  fluids  to 
the  circulation  of  the  blood,  yet  it  is 
undoubted  that  a  constant,  and  some¬ 
times  a  very  powerful,  motion  takes 
place,  by  virtue  of  which  the  sap  ab¬ 
sorbed  by  the  roots  rises  up  the  stem, 
passes  into  the  leaves,  flows  back  in 
an  altered  state  into  the  bark,  and 
thence  descends  towards  the  roots. 
Otherwise  there  would  be  no  means  by 
which  the  roots  could  support  the 
leaves  at  such  considerable  distances 
as  the  spongelets  and  the  tiny  foliage 
are  sometimes  separated.  In  the  Pines 
of  North  West  America,  for  instance, 
leaves  are  supplied  with  food  by 
spongelets  which,  by  calculation, 
mnst  be  four  hundred  feet  distant ; 


and  as  such  leaves  are  often  not  more 
than  half  an  inch  long,  the  force  of 
motion  in  the  sap  must  be  very  great, 
which  will  enable  the  leaves  to  derive 
support  from  a  distance  nearly  ten 
thousand  times  greater  than  their  own 
length.  In  fact,  if  we  wound  a  tree 
during  the  leafing  season,  the  rapid 
manner  in  which  the  sap  will  flow 
from  the  lower  lip  of  the  wound  brings 
the  phenomenon  distinctly  before  our 
eyes. 

The  force  with  which  the  sap  rises 
has  been  the  subject  of  some  curious 
experiments,  one  of  the  most  instruct¬ 
ive  of  which  is  the  following  of  Hales, 
which  we  give  in  his  own  words  :  — 
“April  the  6th,  at  9  a.m.,  rain  the 
evening  before,  I  cut  off  a  Vine  on  a 
southern  aspect  at  a  (fig.  94),  2  feet 
9  inches  from  the  ground ;  the  remain¬ 
ing  stem  a  b  had  no  lateral  branches, 
it  was  |  inch  diameter ;  I  fixed  on  it 
the  mercurial  gage  ay.  At  11  a.m. 
the  mercury  was  risen  to  z,  15  inches 
higher  than  in  the  leg  .r,  being  pushed 
down  at  x  by  the  force  of  the  sap 
which  came  out  of  the  stem  at  a. 


Fig.  94. 


“  At  4  p.m.  it  was  sunk  an  inch  in  leg 
zy.  April  7th,  at  8  a.m.,  was  risen 
very  little,  a  fog;  at  11  a.m. 'tis  17 
inches  high,  and  the  fog  gone.  April 
lcth,  at  7  a.m.,  mercury  18  inches 
high ;  I  then  added  more  mercury, 
so  as  to  make  the  surface  z  23  inches 
higher  than  x ;  the  sap  retreated  very 
little  into  the  stem,  upon  this  addi¬ 
tional  weight,  which  shows  with  what 
an  absolute  force  it  advances  ;  at  noon 
it  was  sunk  one  inch.  April  11th,  at  7 
a.m.,  24 -I  £  inches  high,  sunshine  ;  at 
7  p.m.  18  inches  high.  April  14th,  at 
7  a.m.,  20  +  £  inches  high;  at  9  a.m. 
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22  +  ^,  fine  warm  sunshine;  here  we 
see  that  the  warm  morning  sun  gives 
a  fresh  vigour  to  the  sap.  At  11  a.m. 
the  same  day,  16 +  |,  the  great  perspi¬ 
ration  of  the  stem  makes  it  sink. 
April  16th,  at  6  a.m.,  19  +  i,  rain;  at 
4  p.m.  13  inches.  April  17th,  at  11 
a.m.,  24 +i  inch  high,  rain  and  warm  ; 
at  7  p.m.  29  +£,  fine,  warm,  rainy  wea¬ 
ther,  which  made  the  sap  rise  all  day, 
there  being  little  perspiration  by  rea¬ 
son  of  the  rain.  April  18th,  at  7  a.m., 
32 +  J  inches  high,  and  would  have 
risen  higher  if  there  had  been  more 
mercury  in  the  guage ;  it  being  all 
forced  into  the  leg  y  z.  From  this 
time  to  May  5th,  the  force  gradually 
decreased.  The  greatest  height  of  the 
mercury  being  32 +^  inches  ;  the  force 
of  the  sap  was  then  equal  to  36  feet 
5+3  inches  height  of  water.  Here 
the  force  of  the  rising  sap  in  the 
morning  is  plainly  owing  to  the  energy 
of  the  root  and  stem.  In  another  like 
mercurial  guage  (fixed  near  the  bottom 
of  a  Vine  which  ran  20  feet  high),  the 
mercury  was  raised  by  the  force  of  the 
sap  38  inches,  equal  to  43  feet  +  3 
inches  height  of  water,  which 

force  is  near  five  times  greater  than  the 
force  of  the  blood  in  the  great  crural 
artery  of  a  horse  ;  seven  times  greater 
than  the  force  of  the  blood  in  the  like 
artery  of  a  dog ;  and  eight  times 
greater  than  the  blood’s  force  in  the 
same  artery  of  a  fallow  doe.” — Vege¬ 
table  Statics,  p.  105. 

Through  what  routes  the  sap  passes 
is  a  more  easy  question  to  resolve.  If 
we  cut  a  stem  through  about  the  leaf¬ 
ing  season,  we  shall  find  the  albumen, 
or  sap-wood,  discharging  a  great  quan¬ 
tity  of  fluid ;  the  heart  wood  less  ;  and 
the  bark  none  at  all.  If  we  simply 
make  an  incision  into  a  tree,  the  sap- 
wood  will  give  out  sap  in  abundance 
from  the  lower  lip  of  the  wood ;  the 
bark  none  whatever.  But  if  we  ex¬ 
amine  the  same  parts  in  the  same  way 
at  a  later  period  of  the  year,  the  upper 
lip  of  the  wounded  bark  will  discharge 
a  quantity  of  fluid,  but  the  lower  none. 
Vary  these  experiments  as  we  please, 
and  the  result  is  always  the  same. 
Hence  we  are  forced  to  conclude,  that 
in  Exogens  the  sap  rises  through  the 
sap-wood,  and  descends  through  the 
bark ;  not,  however,  through  the  sap- 
wood  exclusively,  but  through  all  the 
parts  of  the  wood  which  are  not  abso¬ 
lutely  choked  up  with  deposited  mat¬ 
ter.  Of  its  course,  in  Endogens  and 


Acrogens,  we  know  nothing  worth 
stating. 

But  if  we  cut  through  the  wood  of  a 
growing  tree  obliquely,  so  as  to  form 
a  tangental  line  within  its  circumfe¬ 
rence,  we  shall  remark  a  quantity  of 
fluid  oozing  from  the  face  of  the  wound, 
especially  on  the  face  next  the  bark  ; 
and  if  the  tree  is  preserved  in  health, 
the  matter  fiom  the  latter  part  will 
continue  to  ooze  out  during  the  re¬ 
mainder  of  the  season,  forming  a  crust 
of  elaborated  matter.  Hence  we  must 
conclude,  that,  independently  of  the 
ascent  through  the  sap-wood,  and  the 
descent  through  the  bark,  there  must 
be  also  a  lateral  transmission  from  the 
bark  inwards. 

What  has  just  been  stated  belongs  to 
the  unquestionable  facts  in  Vegetable 
Physiology ;  through  what  particular 
forms  of  tissue  sap  moves  is  far  less  cer¬ 
tain.  It  is  not  to  be  doubted  that  the 
sap  ascends  by  the  woody  tissue,  as  is 
pvoved  by  coloured  infusions  which  are 
forced  to  ascend  by  artificial  means  ; 
but  whether  through  the  tubes  of 
woody  fibre,  or  by  the  intercellular 
passages,  has  not  beerr;  and  probably 
cannot  be,  decided.  It  is  also  a  ques¬ 
tion  whether  it  ascends  or  not  by  the 
dotted  ducts  and  the  vessels ;  there 
can  be  no  doubt  that  these  parts,  with 
the  exception  of  the  spiral  vessel,  ap¬ 
pear  to  be  filled  with  fluid  when  the 
sap  is  in  its  most  rapid  course  ;  but  it 
is  equally  certain  that  the  dotted  ducts, 
at  least,  are  empty  afterwards :  are  we 
to  conclude  that  these  forms  of  tissue 
perform  one  function  in  the  spring,  and 
another  in  the  autumn ;  or  are  we 
rather  to  suppose  that  the  appearance 
of  being  filled  with  fluid,  which  they 
exhibit  in  the  spring,  is  owing  to  the 
wounded  vessels  in  their  neighbour¬ 
hood  overflowing  into  them  when  cut 
through?  There  is  no  satisfactory 
answer  to  this  as  yet  upon  record.  In 
its  downward  descent  it  may  be  rea¬ 
sonably  assumed  that  both  the  fibrous 
and  cellular  parts  of  the  tissue  assist 
in  its  conveyance ;  but  it  is  to  be  sus¬ 
pected,  that  although  we  speak  of  them 
in  this  general  manner,  yet  that  in 
reality  these  two  forms  of  tissue  do  con¬ 
vey  different  kinds  of  fluid ;  because  we 
find  certain  secretions  most  abundant 
in  the  bark,  such  as  gum,  and  others, 
such  as  astringent  matter,  equally 
abundant  in  both  the  wood  and  the 
bark.  Perhaps  the  woody  fibre,  which  is 
not  directly  connected  with  the  medul- 
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lary  processes,  brings  downwards  gum¬ 
my  and  similar  matters,  while  others 
pass  freely  down  the  cellular  tissue.  The 
medullary  processes  undoubtedly  carry 
on  the  horizontal  transmission, and  arc 
the  means  by  which  the  circumference 
communicates  with  the  centre  of  a 
tree.  This  their  position,  the  direction 
of  their  tissue,  and  their  appearance 
during  the  growing  season,  render  suf¬ 
ficiently  manifest. 

From  the  latest  experiments,  and 
the  best  conducted  arguments,  it  wrould 
seem  that  the  cause  of  the  movement 
of  the  sap  upwards  is,  as  far  as  we 
have  any  means  of  assigning  an  im¬ 
mediate  cause  to  the  phenomenon,  the 
development  of  the  buds  and  leaves. 
When  a  young  bud,  or  a  leaf,  is  first 
excited  to  growth  in  the  spring,  the 
fluids  it  conUins  are  increased  in  den¬ 
sity  by  evaporation  ;  endosmose  imme¬ 
diately  takes  place  between  it  and  the 
tissue  below  it,  which  latter  parts  with 
the  thinnest  portion  of  its  contents, 
and  then  acts  by  endosmose  upon  the 
tissue  below  it,  and  thus  the  whole 
chord  of  vegetation  is  set  in  vibration, 
if  we  may  so  express  it,  from  the  ex¬ 
tremity  of  the  branches  to  the  points 
of  the  root ;  the  moment  the  sponge- 
lets  are  affected,  the  fluid  in  the  soil  is 
attracted  through  their  sides,  and  thus 
a  complete  motion  throughout  the  sys¬ 
tem  is  established.  Hence  the  leafing 
of  trees  is  not  the  effect  of  the  ascent 
of  the  sap,  as  it  is  usually  thought  to 
be,  but  the  cause  of  it.  It  may  be 
supposed  that  the  mere  effect  of  gravi¬ 
tation  will  carry  downwards  the  sap  in 
its  densest  state  alter  it  has  ceased  to 
obey  the  attraction  of  the  leaves,  and 
that  it  will  descend  by  simple  filtration 
till  it  reaches  the  roots ;  but  how  we 
are  to  account  for  its  lateral  transmis¬ 
sion  through  the  medullary  rays  is  still 
unknown. 

The  sap  of  plants  then  ascends  in 
its  crude  state  through  the  sap-wood, 
and  reaches  the  leaves ;  is  there  finally 
decomposed,  assimilated,  and  inspis¬ 
sated  ;  is  discharged  back  into  the 
bark  ;  settles  downwards  towards  the 
roots ;  and  passes  off  laterally  by  the 
medullary  passages  into  the  heart- 
wood.  Heart-wood  is,  in  truth,  no¬ 
thing  but  sap-wood  consolidated  by 
the  addition  of  secreted  matter,  and 
may  always  be  restored  to  the  state  of 
sap-wood  by  any  solvent  of  the  secreted 
matter.  Ebony,  for  example,  is  jet- 
black  ;  when  young  it.  is  whitish,  and  it 


only  gains  colour  as  the  black  sub¬ 
stance  is  generated  in  the  leaves  dis¬ 
charged  into  the  bark,  impelled  into 
the  medullary  processes,  and  by  them 
deposited  in  the  wood.  Plunge  a  piece 
of  ebony  into  hot  nitric  acid  for  a  few 
minutes,  the  colouring  matter  will  be 
discharged,  and  the  tissue  will  be  re¬ 
stored  to  the  state  of  sap-wood. 

Besides  this  kind  of  general  motion, 
which  seems  indispensable  to  the  very 
existence  of  a  plant,  and  which  our 
reason  would  have  told  us  must  exist, 
if  our  experiments  failed  in  revealing 
it  to  our  sight,  there  is  another  which 
no  force  of  reasoning  could  have  led  us 
to  expect,  and  which  is  altogether  of  a 
local  and  partial  character.  It  was 
originally  ascertained  by  Amici,  that 
in  the  Chara  plant  there  is  a  curious 
rotatory  motion  in  the  fluid  of  each 
cell  of  which  that  plant  consists.  It 
may  be  described  as  a  revolving  move¬ 
ment  round  the  inside  of  each  cell, 
ascending  on  one  side  and  descending 
on  the  other,  with  an  occasional  irre¬ 
gular  interchange  of  matter  between 
the  sides;  and,  what  is  very  curious, 
the  ascending  current  is  uniformly  on 
that  side  of  each  cell  which  is  most 
remote  from  the  axis  of  growth,  and 
consequently  the  descending  current 
is  on  the  side  nearest  the  axis.  Some 
excellent  observations  upon  this  phe¬ 
nomenon,  by  Messrs.  Solly,  Slack  and 
Varley,  will  be  found  in  the  Transac¬ 
tions  of  the  Society  of  Arts,  vol.  xlix. 
to  which  we  would  especially  direct 
the  attention  of  the  reader.  After 
finding  it  in  Chara,  and  its  kindred 
genus  Nitella,  it  was  discovered  in  the 
cells  of  the  Frogbit  (Hydrocharis 
Morsus  Ranae),  a  common  water-plant, 
and  in  the  hairs  of  so  many  species, 
that  we  are  led  to  suspect  it  to  be  a 
phenomenon  by  no  means  confined  to 
the  cases  in  which  it  has  been  observed, 
hut  of  universal  occurrence  ;  and  that 
it  may  be  connected  with  the  assimi¬ 
lations  of  fluid  and  gaseous  matter  by 
the  tissue  :  it  may,  in  fact,  be  a  move¬ 
ment  of  digestion,  going  on  by  night 
as  well  as  by  day.  A  vial-microscope, 
for  the  express  purpose  of  showing 
these  motions,  has  been  ingeniously- 
contrived  by  Mr.  Varley,  and  may  be 
procmed  from  the  optical-instrument 
makers.  It  is  fully  described  in  the 
50th  volume  of  the  Transactions  of  the 
Society  of  Arts. 
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Chapter  VII. 

Of  the  Growth  of  Plants. 

Concerning  the  precise  manner  in 
which  new  cells  or  tubes  of  tissue  are 
generated,  little  very  satisfactory  is 
known.  By  some  it  has  been  fancied 
that  they  were  produced  by  the  extrica¬ 
tion  of  gaseous  matter  in  solidifiable 
mucus ;  others  have  hardily  asserted 
that  the  minute  green  globules,  which 
we  find  sticking  to  the  sides  of  tissue, 
are  young  cells  or  tubes,  and  that  they 
grow  from  their  mother-cells  as  seeds 
grow  from  their  placenta ;  suffice  it  to 
say  that  these  are  mere  assertions. 
All  that  we  really  know  about  the 
matter  is  this  :  that  in  Chara  and  Ni- 
tella,  young  cells  appear  like  buds  at 
the  point,  or  axils  of  older  cells,  and 
gradually  lengthen  out  into  the  tubular 
form  peculiar  to  those  plants  ;  and  that 
in  Marchantia  polymorpha  they  have 
been  se  n,  by  Mirbel,  to  form  in  a  some¬ 
what  similar  manner.  He  states  that 
a  lobe  of  that  plant,  such  as  is  repre¬ 
sented  at  fig.  95,  A,  changed  to  such  a 
lohe  as  is  shown  at  B,  which  he  ex¬ 
plains  in  the  following  manner.  The 
young  lobe.  A,  presents  on  its  surface, 
at  its  widest  part,  five  rows,  a,  b,  c,  d,  e, 


of  cells,  arranged  parallel  to  its  basis. 
The  two  cells  which  terminate  each 
row,  one  to  the  right,  the  other  to  the 
left,  are  inflated  and  conical,  and,  con¬ 
sequently,  form  two  marginal  projec¬ 
tions.  The  five  rows,  a,  b,  c,  d,  e,  are 
united  without  intermediate  tissue. 
The  older  lobe,  fig.  95,  B,  shows  nine 
rows,  a,  f,  b,  g,  c,  h,  d,  i,  e,  of  cells, 
placed  parallel  with  its  base.  Five  of 
these  rows,  a,  b,  c,  d,  e,  terminate,  right 
and  left,  by  a  marginal  cone,  formed  of 
a  single  cell,  or,  which  is  more  usual,  of 
two,  three,  or  four  cells  attached  end  to 
end.  The  four  other  rows  of  cells,/,  g, 
h,  i,  are  placed  between  the  first,  so  as 
to  alternate  with  them,  and  they  have 
no  marginal  appendages.  It  is  evi¬ 
dent,  notwithstanding  the  augmenta¬ 
tion  of  the  number  of  the  cells,  that 
the  five  rows,  a,  b,  c,  d,  e,  of  fig.  95,  B, 
and  their  conical  appendages,  repre¬ 
sent  the  five  rows  of  cells,  a,  b,  c,  d.  e, 
of  fig.  95,  A,  with  their  marginal  pro¬ 
jections.  But  the  four  alternate  rows, 
/,  g ,  h,  i,  of  fig.  95,  B,  have  no  repre¬ 
sentatives  in  A  ;  and  as  the  latter  is  the 
younger  of  the  two,  we  must  conclude 
that  the  four  alternate  rows  of  the 
other  lobe  were  developed  subsequently 
to  the  formation  of  the  five  rows  with 
appendages. 


We  have  quoted  this  at  full  length 
because  it  appears  to  be  the  most  im¬ 
portant,  the  most  clearly  demonstrated, 
and,  it  might  be  added,  the  only  tan¬ 
gible  observation  that  has  yet  been 
made  concerning  the  development  of 
tissue.  If  it  does  not  explain  the  in¬ 
crease  of  solids,  such  as  stems  and  the 
like,  it  seems  to  be,  at  least,  applicable 
to  leaves  and  all  their  organs ;  the  un¬ 


evenness  of  whose  edges,  in  all  cases 
seems  to  increase  the  probability  of 
their  really  being  developed  upon  this 
plan. 

When  a  branch  or  a  young  plant 
first  begins  to  lengthen,  it  is  merely  a 
bud,  reposing  upon  a  certain  quantity 
of  cellular  tissue,  which  in  Exogens 
is  pith,  and  which  is  always  highly 
charged  with  fluid.  The  moment  light 
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and  heat  are  sufficiently  powerful  to 
produce  a  decomposition  of  carbonic 
acid  and  a  thickening  of  the  fluids, 
endosmose  is  set  in  action,  and  pro¬ 
duces  a  current  from  below  upwards, 
which  is  variable  in  intensity  in  differ¬ 
ent  species,  but  which  always  acts  as 
a  force  fr  m  behind,  impelling  the 
tissue  in  the  direction  of  its  own  cur¬ 
rent.  The  tissue  of  the  buds,  young 
and  soft,  and  scarcely  at  all  solidified 
by  the  deposit  of  carbonaceous,  earthy, 
or  other  matters,  yields  freely  to  the 
impulse,  stretches,  lengthens,  and 
grows,  preserving  its  rectilinear  direc¬ 
tion,  so  far  as  is  practicable,  consider¬ 
ing  the  action  of  the  light  upon  it,  and 
the  unequal  carbonization  of  its  sides. 
But  the  instant  the  leaves  begin  to  de- 
velope,  they  decompose  carbonic  acid, 
assimilate  the  fluids  sent  into  them 
from  the  stem,  evaporate  the  super¬ 
fluous  moisture,  and  returning  the  in¬ 
spissated  sap  downwards,  gradually 
harden  the  tissue  of  the  circumfer¬ 
ence.  Thus,  as  De  Candolle  well  re¬ 
marks,  a  branch,  during  its  increase 
in  length,  is  under  the  influence  of  two 
opposing  forces  ;  the  one,  from  below, 
softening  its  tissue  and  forcing  it  to 
lengthen  ;  the  other,  from  above,  soli¬ 
difying  it  and  rendering  it  incapable  of 
elongation.  This  fact,  about  which 
there  can  be  no  doubt,  explains  how  it 
is  that  the  branches  of  plants  growing 
in  wet  and  shady  places,  are  long,  suc¬ 
culent,  and  brittle ;  while  those  pro¬ 
duced  in  hot,  dry,  and  sunburnt  places, 
are  short,  stiff,  tough,  and  stunted.  In 
the  first  case  the  force  of  elongation  is 
not  sufficiently  overcome  by  the  de¬ 
composition  of  carbonic  acid,  &c.,  and 
the  consequent  solidification  of  the 
tissue;  in  the  latter,  the  force  from 
below,  in  itself  is  feeble,  and  is  very 
much  overcome  by  the  powerful  action 
of  the  leaves,  and  the  degree  in  which 
all  the  parts  become  hardened.  It  is 
only  when  neither  shade  nor  sunlight 
are  in  excess  that  the  pliable,  tough, 
and  evenly-formed  branches  of  trees 
are  produced.  When  the  force  from 
below  is  entirely  overcome  by  the  force 
from  above,  branches  cease  to  grow. 

In  general,  plants  increase  but  little 
in  diameter  till  their  full  annual  length 
is  nearly  attained ;  but  as  soon  as  that 
has  happened,  they  enlarge  sensibly, 
and  often  rapidly,  forming  woody  mat¬ 
ter.  In  what  manner  this  is  brought 
about  has  been  a  fertile  subject  of  con¬ 
troversy,  in  which  physiologists  have 


scarcely  been  unanimous  in  anything 
till  lately,  when  they  seem  to  agree  in 
admitting  this,  that  wood  is  sent  down¬ 
wards  from  the  leaves.  If  you  tie  a 
ligature  round  the  branch  of  an  Exo¬ 
gen,  the  diameter  above  the  ligature 
will  increase,  that  below  it  will  remain 
without  alteration.  And  if  you  wound 
an  Exogen  by  cutting  off  a  large  patch 
of  its  bark,  new  woody  matter  will 
form  upon  the  upper  lip  of  the  wound, 
and  no  where  else. 


Fig.  96. 


This  point  being  settled,  opinions 
have  been  pretty  generally  divided  be¬ 
tween  two  inferences  ;  the  one,  that 
wood  is  organized  matter,  sent  directly 
downwards  from  the  leaves  and  buds ; 
the  other,  that  it  is  produced  by  the  or- 
ganizable  matter  formed  in  the  leaves 
and  given  off  by  the  bark.  There  are 
difficulties  in  the  way  of  either  of  these 
suppositions  ;  but  those  relating  to  the 
first  appear  all  susceptible  of  satisfac¬ 
tory  explanation  ;  while  nothing  like 
an  answer  has  been  made  to  the  objec¬ 
tions  to  the  latter. 

If  you  take  the  branch  of  a  Lilac 
when  it  is  just  clothed  with  leaves,  and 
while  the  bark  will  freely  separate  from 
the  wood,  and  peel  it, you  will  find  ridges 
of  tubes  passing  downwards  from  each 
leaf,  turning  aside  (Jig.  97)  at  every 

Fig.  97. 


little  obstruction,  re-uniting  after  the 
obstacle  is  passed,  and,  together,  form¬ 
ing  a  firm  fibrous  case  to  the  subjacent 
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wood  of  the  previous  year.  In  others, 
the  fibres  may  be  traced  in  like  man¬ 
ner  from  the  leaves  ;  but  instead  of 
running  parallel  with  each  other,  they 
cross  each  other  diagonally,  and  form 
a  sort  of  lozenge  work.  This  is  wholly 
inexplicable  upon  the  supposition  that 
wood  is  deposited  by  the  bark  :  but  it 
is  clearly  intelligible  if  the  wood  is  re¬ 
garded  as  an  organic  emanation  from 
the  bases  of  the  leaves.  Again,  in  En- 
dogens,  the  woody  fibres  may  be  dis¬ 
tinctly  traced  into  the  leaves,  from 
which  it  is  plain  that  they  originate  ; 
and  in  this  case,  at  least,  it  is  manifest 
that  the  woody  bundles  cannot  be  or¬ 
ganized  matter  deposited  by  the  bark ; 
for  they  are  in  the  centre,  while  the 
bark  is  at  the  circumference.  We 
therefore  cannot  resist  the  conclusion 
that  wood  is  organic  matter  emitted 
from  the  bases  of  the  leaves,  passing 
partially  down  the  bark,  and  rendering 
the  liber  fibrous,  but  principally  con¬ 
fined  to  the  wood. 

Du  Petit  Thouars,  indeed,  went  so  far 
as  to  assert  that  wood  is,  in  fact,  com¬ 
posed  of  the  roots  of  buds  and  leaves, 
inclosed  below  a  common  bark,  and 
that  plants  are,  in  fact,  communities  of 
individuals,  each  having  an  indepen¬ 
dent  existence,  although  combined  in 
one  common  system.  When  we  con¬ 
sider  that  buds  have  the  power  of 
emitting  roots  when  cut  off  the  plant 
on  which  they  grew;  that,  in  the  Dra¬ 
gon  tree  if  one  bud  vegetates,  upon  a 
trunk  otherwise  dead,  as  sometimes 
happens,  the  bud,  having  no  longer  a 
series  of  vital  systems  with  which  it 
may  combine,  sends  out  undoubted 
roots  beneath  the  bark,  instead  of  the 
woody  fibres  that  it  would  have  emit¬ 
ted  under  ordinary  circumstances  ;  and 
that,  in  other  cases,  when  wood  has 
died,  the  living  buds  have  formed  a  sort 
of  entangled  sheath  of  roots  by  the 
fibrous  matter  they  have  sent  down¬ 
wards;  when  we  seriously  consider 
these  things,  it  is  impossible  not  to  ad¬ 
mire  the  genius  which  led  Du  Petit 
Thouars  to  advance  so  bold  a  doctrine, 
and  difficult  not  to  assent  to  its  truth. 

Without,  however,  embarrassing  our¬ 
selves  with  this  speculation,  which  is 
not  of  much  practical  importance,  it 
may  be  safely  asserted  that  there  is  no 
possibility  of  accounting  for  all  the 
phenomena  connected  with  the  forma¬ 
tion  of  wood,  without  understanding  it 
to  be  produced  by  organic  matter  pro¬ 


ceeding  directly  from  the  buds  and 
leaves. 

We  must,  then,  adopt  the  following 
theory  of  vegetable  growth,  which,  we 
believe,  will  be  found  conformable  to 
admitted  facts,  in  all  the  divisions  of  the 
vegetable  kingdom.  A  plant  is  amass 
of  cellular  tissue,  capable  of  expansion 
and  growth  in  all  directions.  When 
there  is  no  leafy  system,  growth  is  in¬ 
definite,  and  not  carried  on  in  any  par¬ 
ticular  direction,  and  no  woody  system 
is  formed ;  but  when  leaves  are  deve¬ 
loped,  they  send  their  organic  fibres 
down  through  the  mass  of  cellular  sub¬ 
stance,  and  arrange  them  sometimes  in 
one  way,  sometimes  in  another,  accord¬ 
ing  to  the  specific  powers  of  a  plant. 
Upon  this  supposition  the  stem  of  a 
woody  plant  will  be  composed  of  two 
essentially  distinct  systems  ;  the  one 
cellular,  constituting  the  pith,  the  prin¬ 
cipal  part  of  the  bark,  and  the  medul¬ 
lary  processes  (if  an  Exogen),  and  ca¬ 
pable  of  growth  in  all  directions ;  the 
other  fibro-vascular,  comprising  Ihe 
wood  and  a  part  of  the  hark,  and  capa¬ 
ble  of  growth  longitudinally  only.  It 
will  be  found  that  this  will  answer 
all  the  objections  which  have  been 
made  to  wood  being  an  organic  emana¬ 
tion  of  the  leaves. 

The  following  is  a  favourite  argu¬ 
ment  with  those  who  believe  wood  to 
be  a  superficial  deposit  from  the  bark. 
If,  say  they,  a  ring  of  bark  is  removed 
from  a  maple-tree,  whose  wood  is  white, 
and  its  place  is  carefully  supplied  by  a 
ring  of  bark  from  a  maple  whose  wood 
is  red,  the  new  bark  will  adhere  to  the 
old  wood,  uniting  organically  with  it, 
so  that,  externally,  the  wound  will  be 
scarcely  seen.  Let  a  tree  thus  treated 
be  allowed  to  grow  for  a  year  or  two, 
and  a  quantity  of  wood,  generated  in 
the  leaves,  will  be  found  beneath  the 
ring  of  the  red-wood  maple  ;  and  being 
the  produce  of  leaves  and  buds  fur¬ 
nishing  white  wood,  it.  should  be  white 
also,  if,  indeed,  those  organs  really 
have  the  power  of  generating  wood  as 
is  supposed.  But  it  will  be  found  that 
red  wood  will  have  been  formed  below 
the  red  bark ;  therefore  wood  is  a  de¬ 
posit  from  the  bark.  This  is  one  of 
those  forms  of  fallacious  reasoning 
which  are  the  best  calculated  to  catch 
the  unwary,  but  which  will  not  bear 
examination.  The  facts  stated  in  it 
are  true,  but  the  inference  is  false,  as 
will  be  intelligible  from  the  following 
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diagram : — Let  the  letters  a,  b,  c,  d 
(.fig.  93)  represent  a  section  of  a  tree, 
round  whose  wood  (a  c  and  b  d)  a  ring 
of  red  bark  (e  e)  has  been  made  to 
grow.  As  soon  as  the  diameter  of  such 
a  piece  of  wood  commences  to  increase, 
it  is  by  a  double  action  ;  the  first  aris¬ 
ing  from  the  horizontal  expansion  of 
the  cellular  system  of  the  bark  and 
medullary  processes,  which  will  remove 
the  bark,  a,  b,  c,  d  to  /,  g,  h,  i  ;  and 
consequently  the  red  ring  e  will  advance 
to  k;  the  second  depends  upon  the  in¬ 
troduction  of  the  fibro-vascular  system 
of  the  wood  longitudinally  among  the 
horizontal  system,  to  make  room  for  the 
former  of  which,  the  latter  is  constantly 
growing.  Now  the  colour  of  young 
wood  depends  entirely,  and  of  old  wood 
in  a  great  degree,  upon  the  colour  of 
the  medullary  processes  or  horizontal 
cellular  system ;  and  consequently  as 
the  ring  of  red  bark,  which  is  a  part  of 
the  same  system,  has  grown  outwards 
(that  is  from  e  to  k)  as 'the  tree  has  in¬ 
creased  in  diameter,  it  would  necessa¬ 
rily  form  a  zone  of  red  matter  below 
it ;  and  this  would  not  be  in  the  least 
interfered  with  in  appearance  by  the 
new  wood  descending  from  above,  be¬ 
cause  the  latter,  being  colourless,  would 
derive  its  colour  from  the  horizontal 
system  of  the  medullary  rays,  through 
which  it  would  pass  in  its  descent. 


Fig.  98. 


In  like  manner  all  other  objections, 
however  plausible,  which  have  as  yet 
been  made  to  this  view  of  the  origin  of 
wood,  are  to  be  answered  with  equal 
facility. 

It  is  not,  perhaps,  of  any  practical 
importance  to  ascertain  which  theory  of 
the  origin  of  wood  is  the  most  correct, 
now  that  physiologists  are,  at  all  events, 
agreed  upon  its  being  produced  in  some 
way  by  the  action  of  leaves  freely 
exposed  to  sun  or  bright  light.  And 
this  is  abundantly  sufficient  to  show 
the  cultivators  of  trees  the  great  im¬ 
portance  of  thinning  their  plantations 


carefully,  without  having  recourse  to 
severe  pruning,  which  necessarily  di¬ 
minishes  the  power  of  the  plant  to 
form  wood,  because  it  deprives  it  of  the 
leaves  by  which  exclusively  wood  is 
generated. 

Chapter  VIII. 

Of  the  Relation  of  Vegetation  to 
Seasons. 

Repose  from  growth  seems  periodically 
necessary  to  most  plants,  and  accord¬ 
ingly  we  find  there  is  no  country  with¬ 
out  a  season  of  growth  and  a  season  of 
rest — whether  they  are  called  by  the 
name  of  winter  and  summer,  or  rainy 
season  and  dry  season.  This  fact  is 
connected  with  several  considerations 
to  which  we  have  not  yet  adverted. 
What  is  about  to  be  said  has  reference 
to  the  seasons  of  the  North  of  Europe 
it  is  left  to  the  reader  to  apply  the  ob 
servations  to  the  climate  of  other  parts 
of  the  world. 

In  the  winter,  we  commonly  say  that 
all  vegetation  is  at  rest,  that  the  sap 
ceases  to  flow,  new  parts  to  be  deve¬ 
loped;  and  old  parts  to  enlarge.  But  this 
is  not  exactly  true.  It  appears,  from  ex¬ 
periment,  that  vegetation  is  at  all  times 
more  or  less  active  ;  and  that  we  ought 
to  say,  that  it  is  languid  in  winter,  and 
energetic  in  the  spring  and  summer. 
The  fact  of  many  plants  retaining  their 
leaves,  of  others  swelling  their  buds, 
and  of  all  forming  an  addition  more  o 
less  considerable  to  the  points  of  their 
roots  during  winter,  sufficiently  attest 
the  movement  of  the  fluids,  and  the 
existence  of  vegetation  even  at  that 
season.  This  is  further  proved  by  the 
well-known  fact,  that  trees  planted  in 
the  autumn  become  turgid  with  the 
fluid  absorbed  by  their  roots  during 
winter ;  and  as  it  appears  from  the 
French  newspapers,  by  some  recent 
experiments  of  M.  Biot,  who  is  repre¬ 
sented  to  have  succeeded  in  obtaining 
a  flow  of  the  sap  from  certain  trees  in 
mid-winter. 

But  whatever  power  of  attracting 
sap  by  its  roots  a  plant  may  possess 
during  winter,  it  is  obvious  that  it 
has  little  means  of  parting  with  any 
part  of  it  again  by  evaporation  at  that 
period  of  the  year  ;  so  that  during  the 
winter  the  whole  of  the  tissue  must 
gradually  acquire  a  state  of  turgidity 
which  will  go  on  increasing  till  the 
leaves  and  new  branches  are  developed 
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and  carry  off  the  sap,  or  decompose  and 
assimilate  it. 

This  turgid  state  is  eminently  favour¬ 
able  to  rapid  growth  when  vegetation 
once  resumes  its  activity ;  for  it  acts 
as  a  force  from  behind,  which  con¬ 
tinually  presses  upon  the  new-born 
tissue,  and  causes  it  to  expand.  It  is 
well  known  that  after  very  long-  win¬ 
ters,  or  when  a  plant  has  been  pre¬ 
vented  by  artificial  means  from  shoot¬ 
ing  at  its  usual  season,  its  branches 
and  leaves  are  developed  with  extraor¬ 
dinary  vigour;  a  circumstance  which 
has  been  ascribed  to  accumulated,  irri¬ 
tability,  but  which  is  in  fact  owing  to 
the  turgid  state  of  the  tissue. 

It  is  when  the  temperature  of  the  air 
is  raised  sufficiently  high,  that  the  vital 
energy  of  a  plant  is  excited,  and  buds 
are  developed  with  their  leaves.  Light 
has  certainly  nothing  to  do  with  this 
phenomenon,  although  it  afterwards  co¬ 
lours  and  consolidates  the  young  parts ; 
for  if  a  plant  is  exposed  to  an  elevated 
temperature,  in  total  darkness,  its 
growth  takes  place  as  if  in  the  light. 
The  common  experiment  of  introducing 
iuto  a  hothouse  the  branch  of  a  Vine 
growing  in  the  open  air,  is  another 
familiar  illustration  of  this  fact :  the 
temperature  of  the  hothouse  excites 
the  buds  into  action,  they  immediately 
attract  fluid  from  beneath  them,  and 
thus  the  whole  system  is  put  in  motion, 
although  the  Vine-plant  may  be  ex¬ 
posed  beyond  the  house  to  all  the 
inclemency  of  winter.  De  Candolle 
has  proved  by  a  simple  experiment, 
that  in  such  a  case  as  this  the  fluid 
consumed  by  the  young  leaves  is  really 
attracted  from  out'  of  the  cold  earth, 
and  not  absorbed  from  the  atmosphere 
of  the  hothouse.  If  you  select  a  tree 
with  two  principal  branches,  and  two 
principal  roots  to  correspond  with  them, 
and  adapt  to  each  root  in  the  earth  a 
bottle  of  water,  you  will  find  that  the 
bottle  that  corresponds  with  the  branch 
in  the  hothouse  will  be  quickly  emptied, 
while  that  which  is  connected  with  the 
branch  in  the  open  air  remains  nearly 
full.  It  may  be  supposed  that  in  a 
natural  state  of  things  a  corresponding 
effect  is  produced  upon  the  roots  by  the 
warmth  of  the  surface  of  the  soil,  and 
that  they  also  are  stimulated  into  acti¬ 
vity  ;  but  it  is  doubtful  whether  this 
amounts  to  much,  if,  indeed,  it  is  of 
any  importance  whatever :  for  provided 
only  the  earth  is  not  frozen,  it  appears 
from  experiments  that  heat  applied  to 


the  branches  alone  is  quite  sufficient  to 
determine  and  maintain  all  the  pheno¬ 
mena  of  growth. 

Once  set  in  action,  the  brancnes  of  a 
tree  go  on  growing  according  to  the 
laws  which  have  now  been  explained. 
They  and  their  leaves,  by  degrees,  gain 
their  full  growth;  bark  and  wood  se¬ 
parate,  and  cambium  deposited  be¬ 
tween  them  ;  the  leaves  decompose  the 
fluid  they  receive,  send  their  fibres 
down  within  the  substance  of  the 
branches,  gradually  secrete  the  sub¬ 
stances  peculiar  to  each  particular 
species,  and  transfer  them  to  the  bark  ; 
and  finally,  becoming  clogged  at 
every  pore  by  the  earthy  and  carbona¬ 
ceous  matters  that  are  deposited  during 
the  processes  of  digestion  and  evapo¬ 
ration,  cease  to  act  efficiently  as  leaves. 
In  this  state  they  are  principally  pro¬ 
tectors  of  the  young  buds  in  their  axils. 
Ifthelatter  have  been  formed  very  early, 
they  are  so  far  advanced  in  their  growth 
by  the  middle  of  the  summer,  that 
they  have  already  arrived  at  the  same 
state  as  later-formed  buds  will  be  in  at 
the  commencement  of  another  spring. 
Acted  upon  by  the  temperature  of  the 
season,  they  develop  and  call  into  play 
the  same  class  of  phenomena  as  took 
place  in  the  beginning  of  the  spring : 
the  sap,  which  had  become  languid  as 
the  leaves  became  impotent,  is  again 
stimulated  to  a  rapitf  movement,  and 
is  secreted  anew  in  increased  quantity. 
This  is  indicated  by  what  gardeners  call 
the  running  of  the  bark ;  that  is  to  say, 
the  bark  and  wood  of  Exogens  separate 
spontaneously  as  in  the  spring,  depo¬ 
siting  a  layer  of  cambium  between 
them.  Thus  are  formed  what  are 
called  Midsummer-shoots,  which  only 
occur  in  plants  which  bud  very  early 
in  the  spring. 

In  the  course  of  the  autumn,  the 
increased  and  prolonged  heat  and 
drought  complete  the  destruction  of 
the  leaves,  which  had  already  begun  to 
languish :  all  their  vital  actions  are 
destroyed  by  the  quantity  of  foreign 
matter  with  which  their  cells,  their 
stomates,  their  vessels,  and  their  inter¬ 
cellular  passages  are  filled,  and  they 
drop  off. 

At  this  time  a  plant  is  nearly  ex¬ 
hausted  of  its  fluid  sap,  the  watery 
portion  of  which  had  exhaled  during 
the  summer  and  autumn :  all  the 
parts  are  dry  and  solidified,  so  as  to 
suffer  little  from  evaporation ;  and  the 
roots  themselves,  having  for  some  time 
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been  but  feebly  in  action,  are  firm  and 
not  liable  to  be  easily  broken ;  everything 
is  in  a  state  of  languor,  and  prepared 
to  renovate  the  enfeebled  powers  of 
the  plant  by  the  slow  and  gradual  ab¬ 
sorption  of  fluid  during  the  winter. 

It  is  in  the  autumn,  then,  that  both 
theory  and  practice  direct  us  to  trans¬ 
plant  trees.  At  that  season  every  cir¬ 
cumstance  concurs  to  render  the  opera¬ 
tion  practicable ;  but  if  we  wait  till  the 
spring,  the  spongelets  which  form  dur¬ 
ing  winter  are  likely  to  be  destroyed, 
and  many  causes  may  call  the  already 
turgid  plant  into  growth,  before  the 
roots  have  had  time  to  form  new  sponge- 
lets. 

The  seasons  of  growth  and  repose  are 
so  essential  to  vegetation,  that,  as  is 
familiar  to  all  gardeners,  it  is  scarcely 
possible  to  prevent  plants  preparing 
themselves  for  their  annual  changes, 
whatever  artificial  means  may  be  em¬ 
ployed  to  maintain  them  in  a  uniform 
atmosphere,  and  to  protect  them  from 
those  causes  which  usually  bring  about 
repose ;  and  this  is  certain,  that  if  we 
can  succeed  in  preventing  the  cessation 
of  growth,  the  plants  which  are  the 
subject  of  the  experiment  uniformly,  in 
the  end,  fall  victims  to  the  forced  and 
unnatural  condition  in  which  they  are 
maintained. 

If  annual  changes  in  their  condition 
are  requisite  to  the  well-being  of  plants, 
so  in  like  manner  are  the  diurnal 
changes  of  light  and  darkness.  If 
plants  were  kept  incessantly  growing  in 
light,  they  would  be  perpetually  de¬ 
composing  carbonic  acid,  and  would, 
in  consequence,  become  so  stunted, 
that  there  could  be  no  such  thing  as 
a  tree,  as  is  actually  the  case  in  the 
polar  regions.  If,  on  the  contrary, 
they  grow  in  constant  darkness,  their 
tissue  becomes  excessively  lengthened 
and  weak,  no  decomposition  of  carbo¬ 
nic  acid  takes  place,  none  of  the  parts 
acquire  solidity  and  vigour,  and  finally 
they  perish.  But  under  natural  cir¬ 
cumstances,  plants,  which  in  the  day 
become  exhausted  by  the  decomposi¬ 
tion  of  carbonic  acid,  and  by  the  emp¬ 
tying  of  their  tissue  by  evaporation, 
repair  their  forces  at  night  by  inhaling 
oxygen  copiously,  and  so  forming  a  new. 
supply  of  carbonic  acid,  and  by  absorb¬ 
ing  moisture  from  the  earth  and  air 
without  the  loss  of  any  portion  of  it. 

Such  being  the  case,  we  must  con¬ 
clude  that  plants  grow  chiefly  by  day, 
and  this  is  conformable  to  the  few  ob¬ 


servations  that  have  Deen  made  upon 
the  subject.  Meyer  found  the  stem 
of  a  Belladonna  Lily,  and  plants  of 
Wheat  and  Barley,  grow  by  day  nearly 
twice  as  fast  as  at  night ;  and  Mulder 
states  that  he  has  arrived  at  a  similar 
result  in  watching  the  development  of 
other  plants. 

Chapter  IX. 

Of  Vegetable  Secretions. 

One  bf  the  most  important  conse¬ 
quences  of  the  decomposition  and  assi¬ 
milation  of  their  sap  by  plants  is  the 
formation  of  various  secretions  which 
are  often  peculiar  to  particular  species. 
The  production  of  these  we  must  of 
necessity  ascribe  to  the  varied  powers 
of  the  vital  principle,  for  we  cannot 
otherwise  conceive  in  what  manner  the 
unelaborated  fluids  of  the  earth,  or  the 
gases  mixed  with  the  atmosphere,  are 
converted  to  such  a  prodigious  number 
of  different  products,  by  the  uniform 
action  of  phenomena  which  are  com¬ 
mon  to  all  plants. 

These  secretions  are  what  give  hard¬ 
ness  and  durability  to  wood,  (while 
their  absence  renders  it  perishable,) 
flavour  to  fruit,  and  odour  to  flowers  ; 
which  form  the  bitterness,  acidity, 
or  acridity  of  some,  and  the  mucilagi¬ 
nous,  farinaceous,  saccharine,  and  other 
qualities  of  other  species.  Occasion¬ 
ally  they  may  be  peiceived  by  the  eye, 
assisted  by  the  microscope,  formed  in 
regular  crystals,  having  an  acicular  or 
prismatic  figure,  when  they  are  called 
raphides  {fig.  91);  but  most  commonly 
Fig.  91 


they  are  amorphous  and  confounded 
with  the  tissue,  or  exist  only  in  a  fluid 
state.-  The  nature  and  chemical  pro¬ 
portions  of  these  substances  concern 
botany  but  little,  and  therefore  a  de¬ 
tailed  account  of  them  must  be  sought 
in  the  works  of  chemists.  They  are, 
however,  in  some  things  so  intimately 
mixed  up  with  physiological  consider¬ 
ations  as  to  require  a  short  notice. 

Pure  vegetable  secretions,  of  what¬ 
ever  kind,  must,  as  has  been  already 
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shown,  be  the  result  of  the  combination 
of  water  and  carbonic  acid ;  that  is, 
they  must  consist  of  the  elements  of 
water,  with  the  addition  of  a  variable 
amount  of  carbon  ;  to  which  must  be 
added  nitrogen  in  some  cases.  And 
thus  of  an  hundred  and  sixty-three  dis¬ 
tinct  principles,  which  chemists  have 
analyzed  in  the  vegetable  kingdom, 
there  is  not  one  of  which  oxygen,  hy¬ 
drogen,  and  carbon  are  not  the  ele¬ 
ments  ;  twenty-eight  of  them  only 
having  been  found  to  contain  nitrogen. 
In  many  cases  the  proportions  in  which 
these  elements  are  combined  are  so 
similar  in  different  principles,  as  in 
gum,  starch,  sugar,  and  lignine,  that  a 
very  little  change  in  the  circumstances 
under  which  they  are  produced  will 
suffice  to  convert  the  one  into  the 
other,  so  that  they  have  even  been  con¬ 
sidered  as  being  all  varieties  of  sugar 
itself.  It  is  probable  that  all  of  this 
class,  which  De  Candolle  calls  hydro¬ 
carbonates,  are  principally  destined  as 
nutrients  of  the  young  parts,  and  that 
they  ought  to  be  distinguished  in  re¬ 
gard  to  their  functions  from  the  acids, 
resins,  alkalies,  oils,  and  other  secretions, 
which  have  apparently  nothing  to  do 
with  nutrition.  They  will  accordingly 
be  treated  of  separately  in  this  place. 

$  1. — Nutritious  Secretions. 

Of  the  hydrocarbonates  gum  is  the 
most  common  ;  it  is  found  in  the  bark 
and  wood  of  all  plants  in  some  propor¬ 
tion,  and  in  many  in  great  abundance. 
In  the  Cherry,  the  Arabian  Acacia,  the 
Tragacanth  plant,  and  all  those  others 
which  are  called  gum  trees,  it  flows 
out  in  plenty  wrhen  their  bark  is 
wounded,  or  when  the  surface  of  it 
cracks.  The  mucilage  with  which 
the  sap  is  mingled  immediately  upon 
its  introduction  into  the  roots,  and 
which  is  perhaps  universal  throughout 
the  vegetable  kingdom,  and  the  jelly 
of  the  Grape,  the  Gooseberry,  and  other 
succulent  fruits,  are  mere  forms  of 
gum.  In  short,  the  substance,  being  in 
reality  nothing  more  than  condensed 
water  and  carbon,  is  exactly  what  would 
be  formed  in  common  by  all  leaves,  in¬ 
dependently  of  the  special  power  which 
different  species  may  possess  of  secret¬ 
ing  peculiar  substances  in  addition. 

Feeculaox  Starch,  different  as  it  is  vul 
garly  considered,  seems  to  be  really  little 
more  than  gum  divided  into  minute  por¬ 
tions,  each  of  which  is  inclosed  in  a  cell 
of  tissue ;  and  it  is  said  to  be  the  latter 


only  which  is  coloured  blue  by  iodine. 
It  is  converted  into  grape-sugar  by  the 
addition  of  acids,  and  alkalies  render  it 
soluble.  While  gum  itself  may  be 
considered  the  nutrient  principle  of 
vegetation,  lying  freely  among  the  sys¬ 
tem  of  a  plant,  and  constantly  in  action, 
starch  is  apparently  the  same  sub¬ 
stance  stored  up  in  such  a  manner  as 
not  to  be  readily  soluble  in  the  water 
of  vegetation ;  and  this,  as  De  Can¬ 
dolle  well  observes,  appears  to  agree 
very  well  with  the  office  that  starch 
has  to  perform  in  the  vegetable  econo¬ 
my,  namely,  that  of  forming  a  reservoir 
of  nutritious  matter,  which  is  to  lie 
consumed  in  supporting  a  plant  at  par¬ 
ticular  periods.  Thus  we  find  it  stored 
up — 1.  in  the  albumen  of  Corn,  of 
the  Buckwheat,  and  of  a  multitude  of 
other  plants ;  2.  infleshy  cotyledons,  such 
as  those  of  the  Bean  and  the  Pea,  which 
like  albumen  are  magazines  of  food  for 
the  support  of  the  embryo  plant ;  3.  in 
tubers  intended  to  nourish  young  shoots, 
as  in  the  Potato,  the  Jerusalem  Arti¬ 
choke,  the  Arrow-root  plant,  &c. ;  4.  in 
all  fleshy  roots  which  have  to  furnish 
food  to  the  young  stems  when  they  first 
begin  to  grow,  as  in  Briony,  and  in  the 
Inula  Helenium,  which  furnishes  the 
starch  called  inuline  ;  5.  in  all  bulbs, 
or  root-stocks  having  a  similar  des¬ 
tination  ;  5.  in  the  centre  of  the  stems 
of  endogens,  as  in 'the  Sago  palm, 
which  is  a  reservoir  of  food  for  the 
leaves  when  they  first  begin  to  grow  ; 
6.  in  the  receptacles  of  such  plants  as 
the  Artichoke,  where  it  acts  as  food  for 
the  young  flowers  ;  and  in  the  liber  of 
some  trees,  as  the  Pine  and  the  Birch, 
and  in  the  rind  of  certain  fruits,  such 
as  the  Date,  the  Bread-fruit,  &c. 

In  all  these  cases  the  starch  is  either 
capable  of  supplying  food  to  the  young 
parts  of  the  plant,  or  may  be  supposed 
to  be  provided  for  the  sustenance  of 
man.  That  the  former  is  its  more  imme¬ 
diate  destination  is  probable  from  its  con¬ 
tinuing  to  increase  during  the  latter  part 
of  the  year  when  the  plant  is  preparing 
a  fresh  sflpply,  reaching  its  maximum 
when  the  plant  has  ceased  to  grow,  re¬ 
maining  stationary  during  winter,  and 
rapidly  diminishing  with  the  growth 
of  the  young  shoots  in  spring.  Thus 
it  is  stated  in  a  French  agricultural 
work,  that  lOOlbs.  of  Potatoes  contained 
the  following  proportions  of  starch : — 
August  .  .  .  lOlbs. 

September  .  .  14$ 

October  .  .  .17 

H  2 
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March  .  .  1 71bs. 

April  .  .  .  13f 

May  ...  10 

In  what  way  starch  is  adapted 
to  the  power  which  plants  possess  of 
absorption  is  not  by  any  means  clear. 
We  know  that  it  is  only  soluble  at  a 
temperature  little  below  that  of  boiling 
water,  when  the  organic  integument 
of  each  little  grain  bursts,  and  allows 
the  gummy  matter  it  contains  to  flow 
out ;  but  wre  have  no  such  temperature 
in  nature,  not  even  in  germination.- 
De  Candolle  suggests  that  the  action 
of  several  substances  which  exist  along 
with  starch,  such  as  tannin  and  alka¬ 
line  matters,  may,  in  particular  cases, 
cause  a  rupture  of  the  integument, 
and  liberate  the  gummy  matter. 

Sugar  may  be  considered  as  starch, 
with  an  addition  of  oxygen,  and  conse¬ 
quently  we  find  that  the  simple  ab¬ 
sorption  of  oxygen  by  seeds,  when  ger¬ 
minating,  is  sufficient  to  change  their 
starch  into  sugar.  Thus  Barley  is  con¬ 
verted  into  Malt,  by  being  forced  to 
grow  in  the  dark  ;  and  we  find  the  fae- 
cula  that  is  present  in  flowers  before 
they  expand,  converted  into  honey  by 
the  excessive  absorption  of  oxygen 
which  then  takes  place  (see  Chapters 
X.  and  XIII.)  Like  most  of  the  secre¬ 
tions  of  plants,  it  is  produced  in  greater- 
quantity  in  southern  than  in  northern 
latitudes.  The  Sugar-cane  is  scarcely 
sweet  in  our  stoves,  the  richest  Figs 
and  Grapes  that  can  be  produced  by  ar¬ 
tificial  means  in  England  will  bear  no 
comparison  with  those  of  the  Mediter¬ 
ranean  ;  and  while  the  Chestnuts  of  the 
south  of  France  contain  as  much  as 
fourteen  percent,  of  crystallizable sugar, 
those  of  the  north  of  Europe  are  almost 
sugarless.  Is  this  owing  to  tempera¬ 
ture?  We  think  not;  for  the  mean  heat 
of  a  forcing-house  in  England  is  greater 
than  that  of  the  Levant.  It  is  rather  to 
the  subtle  and  incomprehensible  agency 
of  light,  which  we  have  no  means  of 
imitating,  that  those  important  differ¬ 
ences  are  to  be  ascribed.  Sugar,  like 
starch,  appears  to  be  intended  for  the 
nutrition  of  young  organs  ;  we  find  it 
abundantly  in  the  ascending  sap, 
whence  it  is  transferred  to  the  leaves  ; 
it  is  formed  out  of  starch  during  germi¬ 
nation  for  the  support  of  the  embryo 
plant,  and  during  flowering  for  the  food 
of  the  fertilizing  organs ;  and  it  is  car¬ 
ried  off  from  the  roots  of  herbaceous 
plants  by  the  new  leaves  when  they 
sprout  in  the  spring.  The  Beet-root, 


for  instance,  rich  as  it  is  in  sugar  at 
the  end  of  autumn,  contains  scarcely 
any  after  the  leaves  have  been  growing 
a  short  time  in  the  spring;  and  the 
same  is  the  case  with  Turnips  and  si¬ 
milar  roots. 

As  gum,  starch,  and  sugar  seem  to 
be  the  great  nutrient  principles  of  ve¬ 
getation,  it  would  be  supposed  that 
lignine,  which  is  the  result  of  then- 
organization,  must  be  extremely  simi¬ 
lar  to  them  in  composition.  And  such 
is  really  the  fact,  as  will  be  obvious 
from  a  comparison  of  their  chemical 
analysis  as  furnished  by  Gav  Lussac 
and  Thenard. 

Carbon.  Oxygen.  Hydroge 

Gum  ....  42-23  50'84  6- 93 

Starch.  .  .  .  43*55  49’68  6-77 
Sugar  (of  the 

cane)  .  .  .  42'27  50*63  6*90 
Lignine  .  .  .  52*00  41*25  5*75 
Lignine,  therefore,  differs  from  gum, 
starch,  and  sugar,  principally  in  its 
elements  consisting  of  a  larger  pro¬ 
portion  of  carbon ;  and  it  is  not  impro¬ 
bable  that  the  quality  of  timber  de¬ 
pends,  to  a  considerable  extent,  upon 
the  amount  of  its  carbon  ;  for  although 
but  few  researches  have  yet  been  made 
into  this  curious  question,  yet  as  far  as 
they  go  they  seem  to  indicate  such  to 
be  the  fact.  De  Candolle  gives  the 
following  proportions  of  carbon  from 
the  works  of  Gay  Lussac  and  Thenard, 
and  of  Prout : — 

Cormonna  Wood  .  55  per  cent. 

Iron  Wood  .  .  53*44 

Oak  ....  52-53 

Beech  .  .  .  .  51-45 

Box  ....  50 

Willow  .  .  .  49*80 

From  these  and  similar  considera¬ 
tions  of  the  nature  of  the  nutritious 
secretions  of  plants  vre  may  draw  the 
following  conclusions  : — The  rising  sap 
passes  into  the  leaves  charged  with 
carbonic  acid,  or  matter  capable  of 
being  converted  into  it ;  it  loses  a  large 
proportion  of  its  water  by  evaporation, 
and  of  its  oxygen  by  the  decomposition 
of  its  carbonic  acid,  and  thus  becomes 
reduced  to  carbon  and  water  in  an  in¬ 
spissated  state,  which  is  gum  when 
free,  and  lignine  when  fixed.  From  the 
lignine  is  organized  the  tissue,  among 
which  the  gum  circulates  for  its  sup¬ 
port  and  consolidation,  and  within 
which  it  is  also  enclosed,  and  elabo¬ 
rated  into  various  other  principles,  re¬ 
maining  as  starch  when  but  little 
changed.  A  portion  of  the  gum  settles 
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downwards  through  the  stem :  that  part 
which  is  in  the  bark,  being  intercepted 
by  no  opposing  current,  finds  its  way 
down  into  the  roots ;  such  other  part  as 
finds  itself  in  the  alburnum  is  caught 
by  the  ascending  current  of  sap,  dis¬ 
solved  in  it,  and  carried  again  into  the 
leaves,  there  to  undergo  changes  similar 
to  what  it  had  previously  experienced. 
Whenever  the  gum  meets  in  its  course 
with  cells  that  are  empty,  it  is  absorbed 
by  them,  and  becomes  subject  to  their 
special  vital  powers,  changing  to  the 
principles  which  each  particular  species 
or  organ  has  the  property  of  elaborating, 
and  the  most  readily  to  those  which, 
like  sugar,  have  the  greatest  chemical 
resemblance  to  itself. 

$  2. — Special  Secretions. 

Besides  the  secretions  just  spoken 
of,  there  are  many  others  which  are 
diffused  through  the  system  of  certain 
plants,  but  which  neither  appear  to 
contribute  to  the  process  of  nutrition, 
nor  enter  into  the  general  plan  of  vege¬ 
tation,  but  are  confined  to  particular 
species.  They  may  be  classed  under 
the  heads  of  milky  fluids,  resins,  vola¬ 
tile  oils,  and  fixed  oils. 

Milky  fluids  are  generally  character¬ 
istic  of  certain  natural  groups  of  plants, 
existing  in  every  species,  if  in  any ;  as 
is  the  case  in  Euphorbiaceous,  Apocy- 
neous.  Papaveraceous,  and  other  plants. 
When  such  are  wounded,  the  milky 
fluids  are  forced  out  from  both  lips  of 
the  w'ound,  showing  that  it  is  dis¬ 
charged  in  consequence  of  a  contrac¬ 
tion  of  the  tubes  or  cavities  in  which  it 
lies.  These  latter  are  of  various  kinds : 
sometimes  they  are  long,  thin-sided 
tubes,  resembling  the  intestine  of  an 
animal ;  and  sometimes  they  are  rows 
of  thick-sided  cubical  cells,  such  as  are 
represented  at  fig.  90  c.  By  Schultz  and 
Meyen,  indeed,  they  are  described  as 
vessels  of  a  particular  kind,  which  the 
former  calls  vital :  but  there  is  every 
reason  to  believe  that  some  error  of 
importance  is  connected  with,  their  ob¬ 
servations  ;  for  no  one  in  this  country 
has  yet  been  able  to  discover  what  those 
gentlemen  talk  of  having  seen.  Milk 
is  usually  white ;  but  it  is  frequently 
orange,  as  in  Celandine  and  the  Gam¬ 
boge  tree  ;  and  it  is  occasionally  crim¬ 
son  :  in  common  Purslane  it  is  said  to 
be  brownish-green.  De  Candolle  distin¬ 
guishes  three  sorts  of  milky  fluid : — 
1.  That  in  which  caoutchouc  is  pre¬ 
sent.  This  is  most  common  in  plants 


of  hot  latitudes,  hardly  existing  in  the 
temperate  zone  under  natural  circum¬ 
stances.  It  is  most  abundant  in  certain 
Apocyneous  plants,  such  as  Urceola 
elastica  and  Vahea  Madagascariensis, 
which  furnish  the  India  rubber  of  India; 
and  in  some  Euphorbiaceous  species, 
such  as  Hevea  Guianensis,  or  Artocar- 
peous  ones,  like  Ficus  elastica,  from 
which  that  of  other  tropical  countries 
is  obtained.  These  are  usually  acrid 
and  poisonous,  although  they  are  occa¬ 
sionally  wholesome  when  the  parts  are 
young  and  have  been  exposed  to  heat. 
2.  Narcotic  milk,  in  which  opium  is  an 
essential  ingredient,  such  as  is  met 
with  in  Poppies  ;  and  3.  A  sort,  of 
which  fibrine  is  a  principal  component . 
This  substance,  which  is  very  like  ani¬ 
mal  fibrine,  is  characteristic  of  the  milk 
of  the  Papaw-tree,  and  of  the  Cow- 
tree,  whose  milk  is  said,  besides  fibrine, 
to  contain  half  its  weight  of  vegetable 
wax. 

When  plants  whose  juice  is  milky 
are  employed  for  food,  any  method 
which  either  prevents  the  formation  of 
the  milkiness,  or  by  which  it  is  removed 
when  formed,  is  found  effectual  to  ren¬ 
der  them  then  a  safe  aliment.  Blanch¬ 
ing,  in  particular,  is  attended  to  a 
certainty  with  the  effect  of  removing 
noxious  qualities,  inasmuch  as  milk, 
like  all  other  secretions,  can  only  be 
formed  when  the  leaves  are  fully  exposed 
to  light :  the  same  thing  happens  when 
plants  are  very  young,  when  they  have 
not  had  time  to  elaborate  their  secre¬ 
tions,  by  attending  to  which  the  pea¬ 
sants  of  Languedoc  are  said  to  eat 
young  Wild  Poppies  with  impunity  , 
and  further,  as  it  is  through  the  bark 
that  such  secretions  descend,  any  part 
of  the  wood  will  be  harmless  in  plants 
whose  milky  bark  is  poisonous.  Thus 
the  peasants  of  Teneriffe  are  enabled 
to  suck  the  cooling  lymph  from  the 
wood  of  a  highly  poisonous  plant  called 
Euphorbia  Canariensis,  by  first  strip¬ 
ping  off  its  bark. 

Resins  are  common  in  the  bark  of 
several  natural  orders,  especially  of  co¬ 
niferous  plants  ;  they  are  also  met  with 
in  the  wood,  and  even  in  the  pith. 
They  have  no  tissue  specially  provided 
for  their  reception ;  but  form  for  them¬ 
selves,  by  their  own  proper  weight,  ir¬ 
regular  fistular  cavities.  It  appears  as 
if  a  small  quantity  of  resin  first  collects, 
and  having  formed  a  cyst,  attracts  more 
of  the  same  substance  to  itself;  and 
then  acquiring  volume  and  weight. 
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settles  down  among  the  cells  or  tubes, 
forming  what  are  called  turpentine 
vessels. — ( See  page  71.) 

Volatile  oils  are  found  nowhere  but 
in  the  leaves,  flowers,  or  bark  of  plants, 
where,  like  resins,  they  form  little  cysts 
for  themselves.  Occasionally  they  are 
present  in  the  pericarp  or  the  seed,  as 
in  Anise  and  Coriander  in  the  former 
case,  and  in  the  Nutmeg  in  the  latter. 
They  are  said  to  be  composed  of  two 
distinct  principles — elceadine ,  or  the 
volatile,  and  stearoptine,  or  the  con¬ 
crete  portion.  These  two  are  usually 
intimately  combined  in  nature,  so  that 
they  can  only  be  separated  by  artificial 
means ;  but  De  Candolle  thinks  that, 
in  the  case  of  Camphor,  we  have  the 
stearoptine  in  a  separate  state  in  na¬ 
ture.  This  substance  is  of  by  no  means 
uncommon  occurrence.  Combined  with 
a  volatile  oil  it  exists  in  Rosemary  and 
Marjoram  to  the  amount  of  10  per 
cent.,  and  in  Lavender  of  25  per  cent ; 
but  in  a  naturally  concrete  state  it  oc¬ 
curs  only  in  certain  Laurels,  such  as 
the  Laurus  camphora  and  Sumatrensis; 
and  in  a  large  tree  of  the  Malayan  Ar¬ 
chipelago,  called  Dryobalanops  cam¬ 
phora,  in  whose  bark,  roots,  and  wood 
it  is  secreted  in  tears  varying  in  size 
from  a  pea  to  that  of  a  grain  of  sand. 

Fixed  oils  have  neither  special  forms 
of  tissue  nor  irregular  cavities  within 
which  they  are  deposited  ;  but,  like 
starch,  they  occupy  and  fill  the  interior 
of  common  cells.  It  is  neither  in  the 
leafy  nor  cortical  organs  that  they  occur, 
but  chiefly  in  the  seed,  as  in  the  Flax ; 
or  occasionally  in  the  pericarp,  as  in  the 
Olive.  They  are  more  especially  com¬ 
mon  in  albumen,  as  in  Palma  Christi; 
and  may  probably  be  considered  as  a 
secretion  which  concurs,  in  some  un¬ 
known  manner,  to  the  nutrition  of  the 
embryo  plant.  As  there  is  scarcely 
any  vegetable  product  more  exten¬ 
sively  useful  than  fixed  oil,  nor  one 
which  is  more  generally  sought  for  mer¬ 
cantile  purposes,  it  will  not  be  with¬ 
out  interest  to  know  in  what  propor¬ 
tions  it  has  been  found  to  exist  in  the 
various  seeds  from  which  it  has  been 
pressed  for  profit.  For  this  reason  we 
borrow  the  following  table  from  De 
Candolle : — 

Seeds  of  the  Per  cent,  in  weight. 

Hazel  Nut  # .  .  .  .  60 

Garden  Cress  .  .  .  .  56  to  58 

Olive . 50 

Walnut . 50 

Poppy  .....  47  to  50 


Seeds  of  the  Per  cent.  In  weight. 

Almond . 46 

Common  Spurge  (Euphor- 


bia  lathyris)  . 

41 

Colza  Rape  .... 

39 

White  Mustard  . 

36 

Tobacco  . 

32  to  36 

Plum  .... 

33 

Common  Rape 

33 

Summer  Rape  . 

30 

Woad . 

30 

Gold  of  Pleasure 

28 

Hemp . 

25 

Fir . 

24 

Flax . 

22 

Black  Mustard  „  . 

18 

Sunflower . 

15 

Buck-wheat  .... 

12  to  16 

Grape  . 

10  to  18 

§  3. — Local  Secretions. 

Besides  the  two  foregoing  classes  of 
secretions,  there  is  a  very  considerable 
number  which  never  enter  into  the  ge¬ 
neral  system  of  vegetation,  and  which 
have  no  particular  situation,  being 
found  indifferently  in  many  different 
parts  of  a  plant.  Many  of  them  are 
very  imperfectly  known :  they  have 
nothing  to  do  with  the  functions  of  ve¬ 
getation,  so  far  as  we  know ;  and  it 
will  be  quite  sufficient  if  wre  enumerate 
them  in  lists,  under  the  heads  of  Acids, 
Alkalies,  Neuter,  Resinous,  Tanning, 
and  Colouring  Principles. 

Acids. — 1.  Ulmine,  Ulmic,  or  Hu¬ 
mic,  which  is  also  considered,  with 
great  probability,  as  being  nothing 
more  than  the  carbonaceous  remains 
of  dead  vegetable  matter ;  2.  Gallic ; 
3.  Acetic,  or  Pyroligneous ;  4.  Malic ; 
5.  Citric  ;  6.  Pectic;  7.  Rheic  ;  8.  Kra- 
meric  ,  9.  Ginkoic;  10.  Glamic;  11. 
Lichenic;  12.  Selenic ;  13.  Oxalic; 
14.  Tartaric;  15.  Equisetic;  16.  Moric; 
17.  Kinic;  18.  Meconic;  19.  Igasuric; 
20.  Abietic;  21.  Pinic ;  22.  Sylvie; 
23.  Benzoic  ;  24.  Kahinsic ;  25.  Phoce- 
nic ;  26.  Stearic  ;  27.  Hydrocyanic,  or 
Prussic  ;  28.  Aspartic  ;  and  29.  Fungic. 

Alkalies. —  1.  Delphine  ;  2.  Aconi¬ 
tine;  3.  Picrotoxine ;  4.  Morphine; 
5.  Sanguinarine ;  6.  Corydaline ;  7. 
Violine  ;  8.  Esculine ;  9.  Guaranine  ; 
10.  Brucine;  ll.Coneine;  12.  Quinine; 
13.  Cinchonine;  14.  Strychnine;  15. 
Strychnochromine  ;  16.  Solanine  ;  17. 
Nicotine;  18.  Atropine;  19.  Hyoscia- 
mine  ;  20.  Daturine  ;  21.  Daphnine  ; 
22.  Rhabarbarine  ;  23.  Buxine ;  24. 
Veratrine;  25.  Smilacine. 

-  Neuter  Principles, —  1.  Gluten; 
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2.  Vegetable  Albumen,  or  Glutine ;  3. 
Pollenine ;  4.  Berberine ;  5.  Aspara¬ 
gine  ;  6.  Amygdaline  ;  7.  Emetine  ; 

8.  Coffeine  ;  9.  Narcotine;  10.  Gen- 
tianine  ;  1 1 .  Plumbagine ;  12.  Amani- 
tine;  13.  Fungine;  14.  Osmazome ; 

15.  Adipocire;  16.Gelatine;  l/.Fibrine. 
Resinous  Principles. — 1.  Polyga- 

line ;  2.  Hesperidine ;  3.  Aurade ;  4. 
Zanthopicrite ;  5.  Busurine  ;  6.  Quas- 
sine;  7.  Cathartine,  8.  Coumarine  ; 

9.  Glycyrrhizine ;  10.  Caryophylline  ; 
11.  Ooloquintine ;  12.  Elaterine  ;  13. 
Olivine;  14.  Jalapine;  15.  Digitaline ; 

16.  Laurine;  17.  Piperine ;  18.  Sali- 
cine;  19.  Populine;  20.  Corticine  ;  21. 
Abietine ;  22.  Scillitine ;  23.  Zeine. 

Tanning  Principle. — Tannin. 
Colouring  Principles. —  l.Hema- 
tine ;  2.  Breziline ;  3.  Santaline ;  4. 
Morin;  5.  Fustel;  6.  Quercitrine ;  7. 
Orcanettine ;  8.  Alizarine ;  9.  Purpu- 
rine ;  10.  Xanthine;  11.  Dragon's 

Blood;  12.  Curcumine ;  13.  Luteo- 
line  ;  14.  Indigotine  ;  15.  Pittacul  ; 
16.Chromule;  17.  Carthamine  ;  18.  Po- 
lychroite ;  1 9.  Rheadine  ;  20.  Varioline  ; 
21.  Orcine. 

Chapter  X. 

Of  Vegetable  Excretions. 

All  the  secretions  hitherto  spoken  of 
are  found  in  the  inside  of  plants,  and 
may  be  supposed  to  be  innocuous,  at 
least,  if  not  useful,  in  the  process  of 
vegetation,  as  no  attempt  is  ever  made 
by  plants  to  rid  themselves  of  them, 
unless  by  accident. 

There  is  another  class,  consisting  of 
matters  of  various  kinds,  which  would 
seem  to  be  incompatible  with  the 
healthy  being  of  vegetation,  as  we  find 
them  constantly  thrown  off  on  the  out¬ 
side  of  the  root,  or  the  stem  and  leaves, 
sometimes  in  the  form  of  solid  concre¬ 
tions,  sometimes  as  viscid,  or  glairy,  or 
other  discharges,  or  most  frequently  as 
volatile  emanations,  which  cause  the 
various  -odours  of  the  vegetable  king¬ 
dom.  These  may  be  considered  ana¬ 
logous  to  those  parts  of  the  food  of 
animals  which  are  voided,  after  having 
been  deprived  of  their  nutritious  prin¬ 
ciples,  and  are  therefore  called  excre¬ 
tions.  We  shall  pass  these  rapidly  in 
review,  dwelling  principally  upon  those 
of  the  roots,  which  seem  to  be  the  most 
important  to  man. 

$  1. — From  the  Stem  or  Leaves. 

■  There  is  a  plant  common  in  gardens, 


called  Fraxinella,  whose  leaves  and 
stem  are  covered  with  little  brown  re¬ 
sinous  glands,  emitting  a  powerful  bal¬ 
samic  odour.  This  plant,  in  warm  wea¬ 
ther,  is  surrounded  by  an  inflammable 
atmosphere,  formed  by  its  own  va¬ 
pour,  which  will  take  fire  when  a  light 
is  applied  to  it,  and  produce  a  bright, 
rapid  flame,  which  does  no  injury  to 
the  plant.  It  has  been  ascertained 
that  this  vapour  is  not  hydrogen,  but  a 
volatile  oil  suspended  in  the  atmosphere. 
Chenopodium  vulvaria  and  several  fra¬ 
grant  flowers  have  been  found  to  give 
off  pure  ammoniac,  and  maritime  plants 
are  said  to  exhale  chlorine. 

Acid  excretions  are  formed  by  the 
hairs  of  the  Chick  Pea,  the  Stagshorn 
Sumach,  and  some  other  species  ;  and 
it  is  supposed  that  the  singular  pro¬ 
perty  possessed  by  certain  Lichens  of 
immersing  themselves  in  the  calcareous 
rocks  they  inhabit,  is  owing  to  their  ex¬ 
cretion  of  oxalic  acid. 

The  stinging  power  of  the  Nettle 
and  similar  plants  is  produced  by  an 
acrid  matter  which  their  hairs  have  the 
power  of  emitting  when  pressed,  and 
which  varies  in  intensity  in  different 
species.  The  Nettles  of  Europe  sim¬ 
ply  produce  an  uneasy  sensation,  but 
some  of  those  of  India  have  brought  on 
lock-jaw,  and  even  death  itself  in  tor¬ 
ments  ;  for  the  effect  of  their  sting  is 
represented  to  resemble  boiling  oil 
flowing  over  the  part  affected. 

A  discharge  of  sticky  matter  by  the 
hairs,  or  simply  by  the  surface,  is  of 
very  common  occurrence,  especially  by 
the  former,  which  will  be  seen  with 
minute  drops  of  the  excretion  hanging 
from  their  points.  It  is  this  which 
gives  their  viscidity  to  such  plants  as 
the  Rose  Acacia,  to  the  buds  of  the 
Horsechestnut,  and  the  Tacamahac 
Poplar,  and  to  the  young  leaves  of  the 
Birch  tree.  It  is  said  to  be  in  many 
cases  chemically  analogous  to  Bird¬ 
lime. 

Wax,  or  substances  analogous  to 
that  production,  and  so  called,  is,  in 
one  shape  or  another,  of  very  common 
occurrence  on  the  surface  of  plants, 
and  it  exists  even  in  their  substance, 
as  in  pollen,  some  barks,  &c.  It  forms 
the  bloom  of  such  fruit  as  the  Plum  and 
the  Cucumber ;  it  causes  the  glaucous 
appearance  of  Cabbages  and  Seakail, 
and  produces  the  powdery  efflorescence 
that  is  found  on  the  surface  of  many 
Chenopodeous  plants:  in  these  cases 
it  constitutes  a  coating  which  repels 
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water,  so  as  to  protect  the  parts  from 
which  it  is  excreted  from  the  effect  of 
humidity.  In  some  instances  wax  is 
thrown  off  by  plants  in  such  consider¬ 
able  quantity,  as  to  render  the  collection 
of  it  an  object  of  trade.  The  Candle- 
berry  Myrtle  (Myrica  cerifera)  has  its 
berries  guarded  by  a  thick  coat  of 
vegetable  wax ;  if  thrown  into  boiling 
water,  the  wax  is  melted  and  floats, 
when  it  is  skimmed  off,  and  converted 
into  candles  of  good  quality ;  they  are, 
however,  green.  The  berries  of  this 
plant  have  been  stated  to  furnish  about 
one-ninth  of  their  weight  of  wax.  The 
Wax  Palm  (Ceroxylon  Andicola)  has 
its  trunk  covered  with  a  thick  coating 
of  wax,  which  seems  to  ooze  out  from 
all  parts  of  the  surface  both  of  the 
bark  and  leaves. 

Sugar,  or  at  least  saccharine  matter 
in  a  liquid  state,  is  too  well  known  in 
the  form  of  the  honey  of  flowers  to  re¬ 
quire  more  than  to  be  pointed  out ;  in 
a  solid  form  it  is  less  common.  We 
have  it  however  in  a  crystalline  state, 
secreted  by  the  upper  lip  of  the  flowers 
of  the  Rhododendron  Ponticum,  and  in 
the  beak  of  Strelitzia ;  it  exists  upon 
the  surface  of  a  kind  of  Sea-weed  called 
Fucus  saccharinus,  and  it  appears  in 
large  solid  concretions  as  Manna.  This 
substance,  which  is  discharged  in  Eu¬ 
rope  chiefly  by  the  Flowering  Ash 
(Fraxinus  ornus),  either  in  conse¬ 
quence  of  wounds  artificially  inflicted 
on  the  branches,  or  of  the  punctures  of 
insects,  is  produced  by  other  plants  in 
other  countries.  The  Manna  of  Scrip¬ 
ture  is  yielded  by  a  species  of  Tamarisk, 
and  by  the  Camel’s-thorn  (Alhagi 
Maurorum) ;  it  distils  in  India  from  a 
kind  of  Celastrus,  and  the  common 
Larch  furnishes  a  particular  kind  of 
Manna  in  no  inconsiderable  quantity. 

In  addition  to  the  foregoing  in¬ 
stances  of  excretions  from  the  leaves 
or  stems  or  flowers,  there  remains  to  be 
noticed  the  saline  efflorescence  of  ma¬ 
rine  plants ;  a  glairy  substance  which 
clothes  the  surface  of  submersed  plants 
apparently  for  the  purpose  of  protect¬ 
ing  them  from  immediate  contact  with 
so  active  a  solvent  as  water  ;  dis¬ 
charges  of  insipid  fluid  from  the  points 
of  the  leaves  of  certain  plants,  espe¬ 
cially  of  the  Caesalpinia  pluviosa,  a 
Brazilian  tree  which  is  said  to  produce 
a  shower  of  drops  of  water  resembling 
rain,  and  finally  the  pulpy  matter 
which  occurs  in  the  inside  of  the  seed- 
vessels  of  many  fruits  f  the  last-men¬ 


tioned  substance  is  an  austere  and  acid 
fluid  in  Sophora  Japonica ;  an  opaque 
sub-acid  pulp  in  the  Tamarind,  and 
an  odoriferous  stimulating  juice  in  the 
Balsam  of  Tolu  plant  (Myrospermum 
toluiferum) ;  in  Cathartocarpus  fistula 
it  is  a  viscid  purgative  extract ;  in  the 
Arnotta  fruit  it  is  a  coloured  powdery 
matter;  in  the  common  Quince  it  is  a 
mucilaginous  secretion,  which  covers 
the  seeds ;  and  there  is  a  great  many 
other  kinds. 

J  2. — From  the  Roots. 

That  roots  give  off  in  some  cases  a 
peculiar  matter,  has  been  known  for 
some  time.  Brugmans  was  the  first  to 
observe  it  in  the  Heartsease,  and  it 
was  afterwards  remarked  in  the  Elm 
and  some  other  plants.  No  one,  how¬ 
ever,  seems  to  have  suspected  this  to  be 
a  general  function  of  vegetation  before 
M.  De  Candolle,  who  as  long  ago  as 
the  year  1805  called  attention  to  this 
curious  subject.  It  now  appears  from 
experiments  conducted  by  M.  Macaire 
of  Geneva,  that  to  throw  off  excretions 
by  the  roots  is  a  general  property  of 
plants,  and  one  of  their  most  important 
vital  actions ;  that  the  matter  so  thrown 
off  is  in  most  cases  deleterious  to  the 
species  ejecting  it,  although  it  may  be 
harmless  to  others,  and  that  particular 
species  discharge  by  their  roots  a  mat¬ 
ter  so  deleterious  as  actually  to  poison 
the  soil.  He  found  that  Leguminous 
plants  produce  a  substance  analogous 
to  gum,  and  a  little  carbonate  of  lime ; 
grasses  a  minute  quantity  of  matter 
containing  certain  alkaline  and  earthy 
muriates  and  carbonates,  but  very  little 
gum ;  that  Chicoraceous  plants  exude 
in  abundance  a  brownish  bitter  excre¬ 
tion  analogous  to  opium,  and  contain¬ 
ing  tannin,  a  gummy  extractive  brown 
matter,  and  certain  salts  ;  Papavera¬ 
ceous  plants  a  substance  of  a  similar 
nature  ;  Euphorbias  a  gummy  resinous 
secretion  of  a  yellowish  white  colour, 
and  of  an  acrid  flavour,  and  so  on. 

This  fact  probably  explains  why  a 
plant  will  not  generally  succeed  if 
planted  in  the  earth  which  has  been 
previously  occupied  by  the  same  species. 
An  apple-tree  will  not  grow  on  the 
spot  where  an  apple-tree  has  previously 
grown ;  wheat  will  not  follow  wheat, 
nor  an  oak-tree  an  oak ;  and  this  not 
from  the  soil  being  exhausted  of  nutri¬ 
tive  principles,  for  the  same  effect  will 
take  place  whatever  the  quantity  of 
manure  that  is  employed.  This  cir- 
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cumstance  had  always  been  inexplica¬ 
ble  till  the  discovery  of  secretions  from 
roots ;  for  the  old  supposition  that  each 
plant  was  able  to  select  its  peculiar 
food  from  the  soil,  and  so  to  exhaust  it 
for  itself,  although  not  for  others,  was 
perfectly  gratuitous.  It  now  appears 
that,  as  roots  absorb  indifferently  every¬ 
thing  sufficiently  fluid  which  is  pre¬ 
sented  to  them,  when  one  species  im¬ 
mediately  follows  another  in  the  same 
Boil,  it  is  placed  in  the  same  situation 
as  an  animal  compelled  to  feed  upon  its 
own  excrement;  and  we  know  from 
experiment  that  they  cannot  bear  that. 
For  if  you  place  a  plant  of  Belladonna 
in  a  weak  solution  of  extract  of  Bella¬ 
donna,  it  is  rapidly  killed.  The  faculty 
indeed  which  plants  possess  of  getting 
rid  of  the  excretions  of  the  roots  would 
seem  to  be  a  necessary  condition  of 
their  life  ;  for  if  they  had  not  such  a 
power,  the  faecal  matter  which  they  now 
part  with  would  be  redissolved  by  the 
ascending  sap,  and  carried  back  into 
their  system  to  their  own  destruction. 
Macaire  showed  by  a  simple  experi¬ 
ment  that  a  plant,  if  poisoned,  will  dis¬ 
embarrass  itself  of  the  offending  matter 
by  its  roots  if  it  has  the  opportunity. 
He  took  a  plant  of  Mercury  (Mercu- 
Tialis  annua),  and  divided  its  roots  into 
two  parcels,  one  of  which  he  introduced 
into  a  weak  solution  of  acetate  of  lead, 
and  the  other  parcel  into  pure  water  ; 
at  the  end  of  a  few  hours  the  water 
which  was  originally  pure  had  become 
perceptibly  impregnated  with  acetate 
of  lead,  which  had  therefore  been  taken 
into  the  circulation  by  the  roots  on 
one  side  of  the  plant,  and  thrown  off 
again  by  the  roots  on  the  other. 

Until  a  greater  variety  of  experi¬ 
ments  shall  have  been  tried  upon  the 
nature  and  mutual  action  of  excretions 
of  this  nature,  it  will  be  impossible  to 
determine  to  what  extent  the  discovery 
is  of  practical  application.  In  the 
mean  while  it  remains  highly  probable 
that  it  explains  the  cause  of  certain 
plants  being  considered  weeds,  or,  as 
the  French  say,  mauvaises  herbes,  that 
is,  injurious  to  their  neighbours  ;  and 
that  it  will  enable  the  scientific  agri¬ 
culturist  to  reduce  to  some  intelligible 
laws  the  practice  of  farmers  in  regard  to 
the  succession  of  their  crops,  which  is 
as  yet  entirely  empirical.  It  more¬ 
over  appears  certain  that  it  explains 
the  cause  of  plants  grown  in  pots, 
notwithstanding  the  quantity  of  ma¬ 
nure  that  is  given  them,  becoming  un¬ 


healthy,  unless  their  soil  be  frequently 
changed. 

Chapter  XI. 

Flowering . 

The  foregoing  Chapters  will  have  ex¬ 
plained  by  what  means  plants  are 
nourished,  and  what  the  general  result 
is  of  their  nutritive  action.  The  phe¬ 
nomena  attendant  upon  flowering  and 
fruiting  have  next  to  be  considered. 

The  act  of  flowering  or  of  expanding 
the  flower  is  that  which  appears  the 
most  striking  to  ordinary  observers , 
but  it  is  in  reality  a  mere  preparation 
for  the  far  more  important  act  of  repro¬ 
duction.  A  great  many  highly-curious 
and  interesting  facts  have  been  col¬ 
lected  concerning  it,  but  they  are  so 
little  understood,  their  mutual  con¬ 
nexion  is  so  little  apparent,  and  we  are 
so  far  from  comprehending  their  value 
in  relation  to  other  functions,  that  we 
shall  occupy  but  little  space  in  this 
treatise  with  their  explanation. 

Flowers  are  always  prepared  in  the 
centre  of  the  buds,  or  embosomed 
among  the  leaves  for  a  considerable 
time  before  they  expand.  It  is  pro¬ 
bable  that  the  causes  which  conduce  to 
dispose  their  parts  to  become  sepals, 
petals,  &c.  instead  of  leaves,  take  ef¬ 
fect  at  a  very  early  period,  when  they 
are  extremely  rudimentary  ;  but  what 
the  exact  nature  of  those  causes  is  we 
do  not  know.  In  general  they  are 
formed  so  rapidly,  that  a  few  months 
are  sufficient  to  pass  them  through 
their  larvae  state,  but  in  certain  Palms 
some  years  appear  to  be  required.  It 
is  said  that  the  rudiments  of  flowers 
may  be  discovered  in  the  central  bud 
of  these  plants  as  much,  in  some  in¬ 
stances,  as  seven  years  before  the  per¬ 
fect  flowers  expand.  To  watch  the 
gradual  change  of  the  organs  in  such 
cases  as  these  would  be  at  once  one  of 
the  most  instructive  and  amusing  in¬ 
quiries  in  which  a  Botanist  with  leisure, 
opportunity,  and  good  faith,  could 
engage. 

To  what  causes  the  production  of 
flowers  is  owing  is  uncertain ;  it  must 
generally  be  referred  to  the  specific 
nature  of  plants,  or  what  is  called  their 
idiosyncraey.  Annuals,  for  instance, 
flower  in  a  few  weeks  after  their  seeds 
are  sown ;  what  are  called  biennials 
demand  some  months ;  perennials  a 
longer  time,  and  trees  several  years : 
we  know  no  more  of  the  cause  of  this. 
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than  of  the  cause  of  their  being  an¬ 
nuals,  biennials,  perennials,  and  trees. 
Some,  again,  blossom  in  the  winter, 
as  the  Chimonanthus,  the  Christmas 
Rose,  and  the  fragrant  Coltsfoot ; 
others  in  the  earliest  spring,  as  the 
Snowdrop,  Adoxa,  and  the  Crocus ; 
while  others,  like  certain  species  of 
Michaelmas  Daisy,  and  the  Chinese 
Chrysanthemum,  cannot  be  made,  by 
any  known  artificial  means,  to  advance 
their  autumn  flowering  even  a  few 
weeks.  Plants,  in  short,  have  a  perio¬ 
dicity  of  flowering  varying  in  different 
species,  which  appears  inherent  in  their 
own  proper  nature,  and  not  capable  of 
explanation  upon  any  hypothesis  worth 
mentioning. 

The  same  is  true  ol  the  hours  at 
which  they  open  their  blossoms  ;  one 
expands  at  dawn  of  day,  another 
species  a  few  hours  later,  a  third  at 
mid-day,  some  in  the  early  evening,  and 
a  few  when  darkness  has  established 
her  dominion.  Hence,  what  are  called 
the  Watches  of  Flora  have  been  con¬ 
structed  ;  tables  in  which  every  hour 
of  the  day  is  filled  up  by  the  expansion 
of  some  flower;  but  however  useful  these 
may  be  for  comparing  climate,  they 
assuredly  conduce  in  no  degree  what¬ 
ever  to  elucidating  the  causes  of  the 
singular  phenomena  they  represent. 

Certain  facts  there  are,  however, 
which  are  deserving  of  notice,  because 
they  have  a  general  application,  and 
serve  to  throw  light  upon  some  of 
these  obscure  and  unintelligible  phe¬ 
nomena. 

It  would  seem  to  be  a  general  law 
that  the  quantity  of  flowers  which  a 
plant  produces  will  be  in  proportion  to 
the  quantity  of  nutritious  matter  which 
that  plant  may  be  able  to  accumulate. 
If  a  Hyacinth  is  deprived  of  its  leaves 
one  year,  it  will  not  blossom  the  suc¬ 
ceeding  year ;  but  if  its  leaves  are  so 
fully  exposed  to  light  and  air  that  they 
go  through  their  growth  in  uninter¬ 
rupted  health,  and  the  flowers  are  de¬ 
stroyed  for  one  year,  the  bulbs  will  blos¬ 
som  more  finely  than  ever  the  succeed¬ 
ing  year  in  consequence  of  the  great 
quantity  of  nutritious  matter  that  will 
have  accumulated ;  for,  in  this  case, 
not  only  is  a  sufficient  quantity  secreted 
by  the  leaves,  but  the  stock  prepared 
the  previous  year  remains  unexhausted 
in  consequence  of  the  flowers,  which 
would  have  consumed  it,  having  been 
destroyed.  After  hot  and  bright  sum- 
piers,  when  leaves  have  been  in  unin¬ 


terrupted  action,  and  a  great  quantity 
of  solid  matter  has  been  deposited,  as 
is  obvious  in  the  stunted  state  of  the 
branches,  a  most  abundant  crop  of 
blossoms  is  invariably  the  result ;  while 
the  reverse  takes  place  after  cold  and 
gloomy  summers,  which  produce  weak 
and  watery  shoots.  Or  if  a  tree  is 
sterile,  its  branches  may  be  made  fertile 
by  depriving  them  of  a  ring  of  bark 
near  their  insertion  ;  this  interrupts 
the  backward  flow  of  the  sap,  causes 
the  nutritious  secretions  to  collect  above 
the  annular  incision,  and  thus  brings  on 
the  formation  of  flowers.  It  is  not 
improbable  that  this  may  be  explained 
upon  the  supposition  that  when  plants 
are  in  a  state  of  slow  growth,  as  in  hot 
and  dry  summers,  the  appendages  of 
the  axis  are  retarded  in  their  growth, 
fixed  in  whorls,  and  receive  a  tendency 
to  imperfect  development  which  will 
inevitablyproduce  flowers ;  while, on  the 
contrary,  no  arrestation  of  growth,  nor 
any  fixing  in  whorls,  will  take  place 
when  plants  are  in  a  state  of  constant 
and  rapid  growth,  and  consequently 
nothing  but  leaves  will  be  the  result. 
This  will  be  the  better  understood  by 
a  reference  to  the  laws  of  Morphology 
(Chap.  XXV.,  Part  1 .) ;  and  is,  to  a  cer¬ 
tain  extent,  illustrated  by  a  fact  well 
known  to  all  observing  gardeners,  that, 
in  wet  and  warm  springs,  a  great  num¬ 
ber  of  the  blossom  buds  of  Pears  and 
Apples  are  converted  into  leaf-buds 
by  the  excessively  rapid  development 
which  they  undergo  breaking  up  the 
whorls  of  their  flowers,  throwing  an 
excessive  quantity  of  sap  into  the  organs 
which  had  been  destined  for  flowering 
purposes,  and  thus  converting  them 
into  leaves. 

There  is  also  another  fact  which 
seems  to  show  that  flowering  depends 
upon  the  accumulation  of  a  sufficient 
quantity  of  nutritive  matter  in  the  part 
which  is  to  flower.  An  Apple  when 
raised  from  seed,  and  left  to  unassisted 
Nature,  will  not  flower  in  less  than 
on  an  average  seven  years.  But  if  a 
cutting  of  it,  one  year  old,  be  grafted 
upon  an  old  bearing  tree,  which  is  able 
to  infuse  into  it  a  large  quantity  of 
nutritive  matter,  it  will  bear  the  second 
year  after  being  grafted ;  so  that  by 
this  means  in  three  years  at  the  latest 
a  plant  may  be  artificially  made  to 
bear,  which,  under  ordinary  circum¬ 
stances,  would  not  flower  in  less  than 
seven  at  the  soonest. 

The  mere  act  of  flowering  is  a  pre- 
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paration  for  fertilization,  with  reference 
to  which  it  is  principally  important,  and 
in  relation  to  which  some  other  circum¬ 
stances  will  be  spoken  of.  As  soon  as 
fertilization  is  accomplished,  a  new 
being,  the  embryo,  is  called  into  exist¬ 
ence,  which  attracts  to  itself  all  the 
nutritive  matter  that  was  before  con¬ 
ducted  to  the  sepals,  petals,  and  sta¬ 
mens  ;  the  latter  then  shrivel  up,  and 
the  act  of  flowering  is  accomplished. 
There  are,  however,  some  curious  excep¬ 
tions  to  this  rule.  In  many  plants  the 
sepals  continue  to  grow  after  fertiliza¬ 
tion  has  taken  place.  In  others,  as  the 
Burmese  Varnish  Tree  (Melanorrhoea) 
the  petals  become  excessively  enlarged ; 
but  the  stamens  uniformly  perish. 

For  the  amusement  of  those  who  are 
interested  in  such  matters,  we  subjoin 
a  Watch  of  Flora, — that  is,  the  hour 
of  expansion  of  various  flowers,  as  it  is 
recorded  by  Linnaeus  for  Upsal,  and  by 
De  Candolle  for  Paris  : — 


Name  of  Plant. 

Upsal.  Paris. 

Convolvulus  nil  and  sepium 

.  .  3-4  a.m. 

Tragopogon  pratense  .  . 

3-5  a.m.  4-5  a.m. 

Other  Cichoraceous  plants  4-5  do.  do. 

Matricaria  suaveolens.  . 

...  do. 

Crepis  tectorum  . 

4-5  a.m. 

Papaver  nudicaule 

5  a.m.  5  a.m.  • 

Moist  Cichoraceae 

...  do. 

Momordicaelaterium  .  . 

...  5-6  a.m. 

Lapsana  communis,  and 

many  Cichoraceous 

plants  .... 

5-6  a.m,  do. 

Convolvulus  tricolor  . 

...  do. 

Hypochaeris  inaculata 

6  a.m.  6  a.m. 

Solanum,  several  species 

...  do. 

Convolvulus  Siculus  . 

...  d<>. 

Sonchus,  different  specie 
Hieracium,  do.  .  . 

Nuphar  and  Nymphaea 
Lactuca  sativa  .  . 

Camelina  sativa  . 
Prenanthes  muralis  . 
Mesembryanthemum  bar 
batum  .... 
Specularia  speculum  . 
Cucumis  anguria  . 
Calendula  pluvialis  . 
Anagallis  arvenesis 
Dianthus  prolifer  . 
Nolana  prostrata  .  . 

Hieracium  chondrilloides 
Calendula  arvensis 
Mesembryanthemum  bar 
batum,  &c.  . 
Mesembryanthemum  cry 
tallinum  .  .  . 

Arenaria  .... 
Mesembryanthemum  not 
florum  .... 
Portulaca  sativa  .  , 


6-7  a.m. 
6-7  a-m. 
7 


7  a.m. 

8 
8 

9  " 

9 

7-8 

9-10 

9- 10 

10- 11 


6- 7  a.m. 
do. 

7  a.m. 
do. 
do. 
do. 

7- 8  a.m. 
do. 
do. 
do. 

8  a.m. 

8- 9  ’ 


9-10 


10-11 

11 
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Name  of  Plant. 

Upsal. 

Paris 

Ornithogalum  umbellatum 

11 

(called  on  that  account 

Dame  d’onze  heures) 

Tigridia  pavonia  .  . 

... 

do. 

Most  Ficoideous  plants  . 

12 

Scilla  pomeridiana  .  . 

2  p.m. 

Silene  noctiflora  .  . 

9-10 

5-6 

Mirabilis  jalapa  .  .  . 

5 

6-7 

Pelargonium  triste  .  . 

6 

... 

Cereus  granditlorus  . 

9-10 

7-8 

Mesembryanthemum  nocti- 

florum . 

... 

*  do. 

CEnothera  tetraptera  . 

... 

do. 

- suaveolens. 

... 

do. 

Convolvulus  purpureus  . 

... 

TO  p.m 

Chapter  XII. 

Fertilization. 

Upon  looking  to  the  writings  of  an¬ 
cient  authors,  we  find  that,  from  a  very 
early  period,  the  world  was  acquainted 
with  two  cases  in  which  the  presence 
of  flowers  of  a  particular  kind  was 
necessary  to  ensure  the  fertilization 
of  another  kind  borne  by  the  same 
species,  ultimately  bearing  fruit  if  fer¬ 
tilization  was  effected  ;  but  remaining 
sterile  provided  the  flowers  of  the  first 
kind  were  not  permitted  to  exercise 
their  influence.  One  of  these  cases 
was  the  Date  Palm,  the  other  was  the 
Fig. 

Man  had  learned  from  experience 
that  those  flowers  of  the  Date,  in  which 
the  beginning  of  a  fruit  was  discoverable, 
would  never  arrive  at  maturity  unless 
sprinkled  with  the  powder  secreted  in 
the  flowers  of  other  individuals  of  the 
same  species  of  Palm :  and  hence  they 
considered  the  latter  to  be  males  and 
the  former  females ;  which  was  true. 
Wild  Figs  again  were  found  to  be  ne¬ 
cessary,  by  coming  in  contact  with  it, 
to  enable  the  fruit  of  the  cultivated 
Fig  to  mature ;  and  hence  they  also 
supposed  the  former  to  be  males  and 
the  latter  to  be  females,  w'hich,  how¬ 
ever,  was  not  true.  Caprification,  as 
this  latter  phenomenon  was  termed,  did 
not  depend  upon  the  powder  of  the 
wild  Fig  coming  in  contact  with  the 
young  fruit  of  the  cultivated  Fig,  but 
upon  a  totally  different  circumstance  ; 
for  both  kinds  of  Fig  are  in  reality  per¬ 
fect  in  themselves.  What  makes  the 
act  of  caprification  necessary  is  this, — 
that  the  flowers  of  a  Fig  are  inclosed 
in  a  fleshy  case,  which  finally  becomes 
the  fruit,  and,  from  some  unknown 
cause,  does  not  readily  ripen  unless 
injured  by  the  puncture  of  an  insect. 
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The  Wild  Fig  abounds  in  a  little  fly 
called  a  Cynips  ;  and,  consequently, 
when  the  former  is  brought  into  the 
vicinity  of  the  cultivated  Fig,  the  latter 
is  attacked  by  the  Cynips,  and  so 
enabled  to  mature.  It  is  clear  from 
their  having  confounded,  under  the 
same  idea,  two  phenomena  so  essen¬ 
tially  different  as  these,  that  the  an¬ 
cients  had  no  real  knowledge  of  the 
sexes  of  plants  ;  and  it  is  probable  that 
all  their  notions  were  deduced  from 
hypothetical  considerations  arising  out 
of  the  comparison  drawn  by  their  phi¬ 
losophers  between  plants  and  animals, 
than  from  any  exact  knowledge  which 
they  possessed. 

Nor,  indeed,  is  there  any  reason  to 
believe  that  the  discovery  of  the  sexes 
in  plants,  as  a  general  fact,  can  be 
traced  farther  back  than  the  time  of  Sir 
Thos.  Millington,  Green,  Malpighi,  and 
Ray.  The  lalter  said  in  express  terms, 
in  the  year  1694,  that  the  points  of  the 
stamen  are  the  most  essential  parts  of 
a  flower,  as  they  contain  pollen,  which, 
in  his  opinion,  is  endowed  with  a  pro¬ 
lific  power,  and  serves  to  fertilize  the 
seeds.  From  this  time  the  question 
was  settled  among  botanists,  notwith¬ 
standing  the  captious  objections  of  a 
few  writers  whose  names  and  opinions 
have  alike  sunk  in  oblivion.  It  was 
Linnaeus,  however,  who  brought  the 
subject  more  particularly  before  the 
world,  in  consequence  of  his  having 
employed  the  sexes  of  plants  as  the 
basis  of  his  classification ;  and  although, 
in  point  of  fact,  this  writer  added  little, 
or  nothing  to  what  was  before  known, 
and  evenby  his  speculations  upon  hybrid 
plants  rather  tended  to  weaken  the 
theory  in  the  eyes  of  men  of  science,  yet 
the  attractions  of  his  style,  and  the  skill 
with  which  he  embellished  the  subject, 
were  such,  that  the  vulgar  believe  him 
to  have  been  the  discoverer  of  the 
existence  of  vegetable  sexuality.  From 
his  time  to  the  present  every  succeed¬ 
ing  observation  has  tended  to  confirm 
this  curious  fact;  and  the  mass  ot 
evidence  is  now  so  great,  that  no  one 
thinks  of  calling  its  truth  in  question 
as  a  general  law  of  Nature. 

In  fact,  if  the  thing  is  considered  a 
little,  we  find  on  all  sides  the  clearest 
evidence  that  seeds  cannot  be  fertilized 
without  the  contact  of  pollen  and 
stigma.  We  select  a  few  of  the  most 
striking.  Maize  is  a  kind  of  corn,  the 
anthers  of  which  are  formed  in  the 
loose  panicles  that  terminate  the  stem ; 


the  styles,  with  their  stigmas,  are  the 
long  silken  tassels  which  hang  down 
from  the  short  branches  near  the  base 
of  the  stem.  If  the  panicles  are  de¬ 
stroyed,  the  stigmas  are  not  fertilized, 
and  no  grain  is  produced.  Take  an 
Apple-blossom,  and  cut  out  the  anthers 
before  the  anthers  burst ;  no  apple  will 
be  formed.  Let  the  stamens  be  all 
converted  into  petals,  as  in  double 
flowers,  and  the  pistils  are  barren, 
however  perfect  they  themselves  may 
be.  In  a  Cucumber  plant  some  of  the 
flowers  bear  nothing  but  stamens,  and 
others  contain  nothing  but  pistils.  If 
the  former  are  carefully  cut  away,  the 
latter,  instead  of  swelling  immediately 
after  the  flower  lias  withered,  will  be¬ 
come  yellow,  cease  growing,  and  sud¬ 
denly  drop  off.  We  are  therefore  sur 
rounded  by  proofs  of  the  necessity  of 
the  anthers  to  fertilize  the  pistils. 

Nevertheless,  as  in  some  animals,  so 
in  some  plants,  it  appears  that  parts 
analogous  to  flowers  produce  fertile 
bodies,  resembling  seeds  in  their  power 
of  reproducing  the  species,  without 
there  being  any  trace  of  anthers.  This 
occurs  in  Ferns,  Fungi,  Lichens,  Sea¬ 
weeds,  and,  in  all  probability,  in  every 
tribe  of  flowerless  plants.  This  fact 
has  led  some  botanists  to  deny  the  ne¬ 
cessity  of  anthers  in  species  where  they 
are  regularly  produced.  It  has  been 
asserted  that  the  Basil  (Ocymum), 
Hemp,  and  Spinach  will  produce  fer¬ 
tile  seeds  without  coming  in  contact 
with  the  pollen;  but  while  this  is  as¬ 
serted  by  one  observer  it  is  denied  by 
another,  and  appears  altogether  so  con¬ 
trary  to  common  sense  as  to  be  unde¬ 
serving  any  further  remark  than  this, 
— that  in  those  species  anthers  are  re¬ 
gularly  produced,  as  perfect  in  their 
structure  as  in  any  plants  whatever ; 
and  that  it  is  not  probable  they  would 
be  so  produced  unless  they  had  their 
usual  office  to  perform.  Are  we  to  be¬ 
lieve  that  no  sexes  exist  in  the  animal 
kingdom  because  the  Aphis  is  increased 
without  their  aid  ?  Passing  by,  then, 
these  speculations,  let  us  look  at  the 
highly-curious  phenomena  of  fertiliza¬ 
tion,  as  understood  by  the  best  ob¬ 
servers. 

When  the  flower  unfolds,  the  anther 
is  a  tolerably  solid,  moist  body,  filled 
with  moist  pollen.  The  grains  of  the 
latter  contain  a  fluid  more  dense  than 
the  tissue  that  forms  a  covering  for 
them,  and  rapidly  absorb  its  moisture 
from  the  anther  case.  As  soon  as  this 
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has  happened  to  any  great  extent,  the 
tissue  of  the  anther  case  contracts,  and 
at  first  rends  into  grated  cells  of  various 
forms ;  as  the  dryness  is  increased,  these 
latter  contract  still  further,  and  exer¬ 
cising  a  general  power  over  the  whole 
surface  of  the  lining,  would,  in  the  end, 
be  rent  into  still  finer  portions,  if  it 
were  not  for  the  slight  degree  of  cohe¬ 
sion  which  exists  between  the  valves 
of  the  anther  at  the  sutural  line.  Here, 
then,  the  lateral  strain  of  the  contract¬ 
ing  cells  compels  the  anther  to  open, 
and  the  pollen  is  enabled  to  fall  out. 

At  the  same  time  that  this  is  going 
on  in  the  anther,  the  tissue  of  the 
stigma  is  becoming  more  and  more  lax, 
and  secreting  a  viscid  fluid  between  its 
cells ;  so  that  by  the  time  the  pollen  is 
discharged  from  the  anther,  the  stigma 
has  become  an  uneven,  clammy  surface, 
with  prominent  cells,  between  which 
any  foreign  matter  can  be  easily  insi¬ 
nuated. 

Upon  the  stigma  thus  prepared  the 
grains  of  pollen  either  drop  or  are  cast, 
or  are  conveyed  by  wind,  insects,  or 
other  means;  and  there  they  are  se¬ 
cured  by  the  clamminess  of  the  organ. 

When  the  grains  of  pollen  have  lain 
upon  the  stigma  for  several  hours  they 
open  at  their  angles,  or  upon  certain 
definite  points  of  their  surface,  and  the 
thin  inner  lining,  which  is  of  a  highly- 
extensible  nature,  is  gradually  pro¬ 
longed  into  extremely  slender  intes¬ 
tines,  called  pollen-tubes,  which  sink 
into  the  tissue  of  the  stigma,  burying 
themselves  within  it,  just  as  the  roots 
of  a  plant  bury  themselves  in  the  soil. 

By  means  of  the  pollen-tubes  the 
matter  contained  in  the  pollen-grains 
is  conveyed  into  the  interior  of  the 
style,  whence  it  is  supposed  to  pass 
into  the  ovule.  This  matter  has  been 
already  (p.  42)  described  as  consisting 
of  round  and  oblong  minute  particles 
floating  in  liquid;  and  it  is  believed 
that  the  fertilizing  principle,  be  it  what 
it  may,  resides  in  those  particles,— per¬ 
haps  only  in  the  larger  kind,  perhaps 
in  the  smaller — possibly  in  both.  In 
general,  it  is  very  difficult  to  see  the 
pollen-tubes ;  for  if  the  pollen  rubs 
freely  from  the  surface  of  the  stigma, 
the  tubes  are  not  emitted  ;  if  it  is  re¬ 
moved  with  difficulty,  the  tubes  are 
broken  off.  They  may,  however,  be 
easily  seen  in  any  Gesnera,  by  scraping 
from  off  the  stigma  pollen  that  has  been 
in  contact  with  it  at  least  forty-eight 
hours.  The  Crocus  also  parts  with  its 


pollen-tubes  easily;  and  if  a  minute 
portion  of  the  stigma  of  Crocus  vernus 
is  pressed  gently  in  water  between  two 
plates  of  glass  till  it  is  transparent,  the 
pollen-tubes  will  be  distinctly  seen  bu¬ 
ried  in  the  stigma,  with  the  turbid  mat¬ 
ter  of  the  pollen  lying  in  unequal  quan¬ 
tities  in  their  inside.  Amici  recom¬ 
mends  the  Althaea  frutex  for  the  same 
observation ;  but  that  plant  is  not  well 
adapted  for  examination,  because  in 
this  northern  climate  its  pollen  is  rarely 
perfect.  Should  a  difficulty  be  after  all 
experienced  in  witnessing  these  singular 
phenomena,  it  may  be  brought  about 
artificially  by  the  following  simple 
means.  Place  a  drop  of  a  solution  of 
concentrated  sulphuric  acid  and  water, 
in  the  proportion  of  two  parts  of  the 
former  to  three  of  the  latter,  upon  the 
stage  of  a  microscope ;  drop  into  it  a 
few  grains  of  pollen,  then  watch  them, 
and  they  may  be  seen  to  become  rapidly 
transparent,  to  give  way  at  the  angles, 
or  at  some  particular  points  of  their 
surface,  and  to  emit  their  pollen-tubes 
just  as  they  would,  only  much  more 
slowly,  under  the  natural  stimulus  of 
the  secretion  of  the  stigma. 

To  what  distance  the  pollen-tubes 
descend  into  the  style  is,  in  most  cases, 
a  matter  of  conjecture.  But  from  the 
observations  of  several  accurate  micro¬ 
scopical  observers,  especially  of  Dr. 
Brown,  it  can  scarcely  be  doubted  that 
they  are  not  only  actually  conveyed  to 
the  placenta,  but  are  introduced  into 
the  ovules.  This  distinguished  Bota¬ 
nist  confirms  the  statement  of  Du  Petit 
Thouars,  that  a  cord  developed  in  the 
stigma  of  Orchideous  plants  may  be 
traced  to  the  placentae  and  conse¬ 
quently  to  the  ovules ;  and  he  declares 
that  this  cord  is  entirely  composed  of 
pollen-tubes.  He  found  the  branches 
of  the  cord  scattered  over  the  whole 
surface  of  the  placentae  in  Orchis  Morio ; 
and  he  even  succeeded  in  tracing  in 
several,  though  not  in  many  instances, 
a  single  tube  to  the  foramen  of  an  ovule. 
He  was  also  so  fortunate  as  to  witness 
the  same  phenomenon  in  many  cases 
in  Habenaria  viridis.  Adolphe  Brong- 
niart  also  describes  the  pollen-tubes  in 
the  Rock  Rose  (Helianthemum)  as 
entering  the  cavity  of  the  ovary,  and 
descending  from  its  summit  till  they 
reach  the  ovules. 

In  connexion  with  these  phenomena, 
there  is  another  class  of  actions  on  the 
part  of  the  ovules  which  it  is  important 
to  be  aware  of.  In  many  cases  it  has 
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been  seen,  and  it  is  probable  that  in  all 
cases  it  happens  that  at  the  time  when 
pollen-tubes  are  plunged  into  the  stig¬ 
ma,  the  ovules  adjust  themselves  so  as 
to  present  their  foramen  either  to  the 
placenta,  or  else  to  that  point  of  the 
lining  of  the  ovary  by  which  the  pollen- 
tubes  afterwards  enter.  This  is  plainly 
the  case  in  the  Rock  Roses  just  referred 
to ;  in  Euphorbias  it  may  also  be  wit¬ 
nessed  ;  and  the  very  act  of  curving 
which  takes  place  in  so  many  ovules,  as 
has  already  been  mentioned  (p.  46, 
fig.  61),  is  no  doubt  for  the  purpose  of 
effecting  the  same  object.  If  we  ex¬ 
amine  the  ovule  of  the  Spurge  Laurel 


(Daphne  Laureola),  before  the  pollen 
falls  upon  the  stigma,  we  shall  find  its 
foramen  turned  towards  the  dome  of 
the  ovary,  but  far  from  touching  it. 
Soon  after  the  pollen  has  acted  upon 
the  stigma  the  ovule  approaches  the 
dome,  a  short  process  in  direct  com¬ 
munication  with  the  stigma  is  at  the 
same  time  protruded  from  the  dome, 
and  finally  closes  up  the  foramen,  thus 
bringing  the  nucleus  of  the  ovule  in 
direct  organic  communication  with  the 
stigma.  A  similar  case  of  rather  a 
more  complicated  kind,  and  not  so  easily 
witnessed  as  the  last,  occurs  in  the 
Thrift  plant  (Armeria  vulgaris), ./?£■.  100. 


Fig.  1 00. 


Let  the  ellipse  a  a,  Jig.  A,  represent 
a  section  of  the  ovary  of  this  plant. 
From  its  base  there  arises  an  umbilical 
cord  ff,  which  curves  after  reaching 
about  half  the  length  of  the  cavity, 
and  bending  down  upon  itself  again 
turns  partially  up,  bearing  an  ovule  at 
its  apex.  When  very  young  this  ovule 
is  a  sort  of  cup,  the  mouth  of  which  is 
closed  by  a  little  cone,  and  is  turned 
towards  the  apex  of,  the  ovary.  From 
all  access  to  the  dome  of  the  ovary  the 
ovule  is  cut  off,  notwithstanding  its 
position,  by  the  cord  which  over  against 
the  aperture  of  the  ovule  spreads  into 
a  kind  of  strap.  It  is  from  the  point 
of  the  ovary  c,  that  the  stigmas  arise ; 
and  from  immediately  below  their  origin 
a  short  cylinder  projects  down  into  the 
cavity  of  the  ovary.  Matters  being 
thus  arranged,  the  pollen  falls  upon  the 
stigma,  and  pollen  tubes  are  forced  into 
its  tissue  and  gradually  find  their  way 
into  the  cylinder ;  at  the  same  time  the 
ovule  lengthens,  contracts  at  its  aper¬ 
ture,  and  is  brought  near  the  cylinder 


by  the  elevation  of  its  umbilical  cord ; 
at  last  the  strap  is  slipped  aside,  the 
cylinder  lengthens,  the  ovule  rises,  and 
with  its  aperture  embraces  the  point  of 
the  cylinder,  which  is  somewhat  coni¬ 
cal,  and  which  is  thus  brought  into 
contact  with  the  nucleus.  At  this  time 
the  parts  are  in  the  position  repre¬ 
sented  at  Jig.  B ;  and  if  cut  through 
longitudinally,  as  at  C,  they  will  be 
seen  to  be  placed  in  the  most  favour¬ 
able  position  that  can  be  imagined  for 
enabling  any  fertilizing  matter  that 
may  have  been  communicated  to  the 
stigma  to  find  its  way  into  the  interior 
of  the  ovule. 

What  the  nature  is  of  the  communi¬ 
cation  thus  made  by  the  pollen  to  the 
ovule  through  the  medium  of  the  pol¬ 
len-tubes,  the  result  of  which  is  fertili¬ 
zation,  we  have  no  means  of  knowing. 
It  may  either  be  a  peculiar  stimulus 
which  is  required  to  call  into  existence 
an  embryo  germ  of  life  residing  in  the 
point  of  the  nucleus  ;  or  it  may  be  the 
act  of  conveying  such  a  germ  to  the 
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nucleus  from  out  of  the  pollen  grains. 
Opinions  are  divided  upon  these  points, 
and  they  are  likely  to  remain  so ;  for 
we  can  conceive  no  means  of  solving 
the  problem.  It  may,  however,  be  re¬ 
marked,  that  Dr.  Brown  declares  that 
he  could  not  discover  the  pollen-tubes  of 
Orchidese,  even  in  their  earliest  stage, 
while  in  length  hardly  equal  to  the 
diameter  of  the  grain,  to  contain  dis¬ 
tinct  granules ;  and  that  when,  with  a 
magnifying  power  of  300  or  400,  minute 
and  very  transparent  gVanulaf  matter 
came  into  view,  it  was  extremely  dif¬ 
ferent  from  the  granules  of  the  pollen- 
grains.  As  it'  is  not  improbable  that 
this  may  be  a  special  and  not.  a  general 
case,  and  that  it  is  connected  with  the 
peculiar  structure  of  Orchideous  plants, 
we  do  not  think  much  stress  ought  to 
be  laid  upon  it  in  th'e  pVesent  state  of 
our  knowledge;  e'spebially  as  pollen- 
tubes  do,  in  other  instances,  most  un¬ 
questionably  contain  the  molecular 
matter  of  the  pollen-grain,  whatever 
the  functions  of  that  matter  may  be 
considered  to  be. 

Tiie  principal  difficulties  in  the  way 
of  admitting  actual  contact  between  the 
pollen  and  the  stigma  to  be  indispen¬ 
sable  to  fertilization,  exist  in  Orchideous 
and  Asclepiadeous  plants ;  in  both 
which  Nature  seems  to  have  taken  in¬ 
finite  pains  to  prevent  such  contact. 
In  the  former,  in  particular,  there  are 
many  cases  in  which  actual  contact 
seems  physically  impossible,  and  there 
are  others  in  which  it  is  very  impro¬ 
bable  ;  and  although  the  pollen  when 
placed  upon  the  stigma  is  undoubtedly 
capable  of  producing  its  tubes,  yet  as 
molecular  matter  cannot  be  detected 
in  them,  it  may  be  doubtful  whether 
the  pollen-tubes  when  developed  are 
not  rudimentary  organs.  Several  bo¬ 
tanists,  and  particularly  Mr.  Bauer, 
believe  that  fertilization  takes  place  in 
these  plants  by  some  peculiar  mode  of 
internal  communication  ;  but  whatever 
may  be  the  fact  with  regard  to  Orchi¬ 
deous  plants,  none  can  now  remain  in 
regard  to  Asclepiadeous  plants,  after 
the  luminous  explanations  of  the  man¬ 
ner  in  which  it  is  effected  which  have 
appeared  within  these  few  years,  espe¬ 
cially  from  Ehrenberg,  Brown,  and 
Adolphe  Brongniart. 

In  these  plants  the  stigma  is  a  fleshy 
five-cornered  disk,  having  a  gland  ( fig. 
101,  d)  at  each  angle.  To  each  gland  is 
attached  a  pair  of  yellow  bags  (6)  con¬ 
taining  the  pollen,  and  called  pollen 


Fig.  101 


masses ;  which  are  more  convex  on  one 
edge  than  on  the  other.  The  stigma 
itself  has  no  visible  secreting  surface; 
and  as  the  pollen  masses  had  never 
been  seen  to  discharge  the  pollen  grains, 
it  was  supposed  that  fertilization  must 
be  in  this  case  effected  by  some  internal 
communication  through  the  glands. 
But  Ehrenberg  proved  that  the  grains 
of  pollen  produce  pollen-tubes  all  di¬ 
rected  towards  the  most  convex  edge 
of  the  pollen  mass,  which  is  also  the 
thinnest,  and  that  they  are  eventually 
forced  through  it.  Brown  and  Brong¬ 
niart,  pursuing  this  fact,  instituted  some 
very  careful  observations  upon  the  sub- 

Fig.  102. 
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jeet,  the  result  of  which  proved  not  only 
that  pollen  tubes  are  emitted  by  Ascle- 
piadeous  plants,  but  that  they  bury 
themselves  in  the  stigma  just  as  in 
other  plants,  and  as  is  represented  at 
Jig.  102,  where  A  represents  a  pollen 
mass  with  its  pollen-tubes  protruded, 
and  B  shows  the  manner  in  which  they 
are  introduced  into  the  stigma. 

From  these  circumstances  we  may 
conclude,  that  in  the  fertilization  of 
plants  pollen  falls  upon  the  stigma 
and  inserts  a  tube  into  its  tissue;  that 
the  tube  reaches  the  aperture  of  the 
ovule ;  and  that  unless  this  happens 
fertilization  is  not  accomplished.  We 
must  here  dismiss  this  curious  subject, 
leaving  many  most  interesting  facts 
untold,  and  proceed  at  once  to  other 
matter. 

Chapter  XIII. 

Of  the  Temperature  of  Flowers. 

Tf  we  test  the  temperature  of  a  flower, 
however  large  it  maybe,  it  is  extremely 
probable  that  we  shall  discover  no  dif¬ 
ference  whatever  between  it  and  the 
external  air.  And  yet  it  appears  cer¬ 
tain  from  well- attested  observations, 
and  probably  from  theory,  that  flowers 
have  at  certain  periods  of  the  day  a  tem¬ 
perature  much  elevated  above  that  of 
the  air  which  surrounds  them.  Lamarck 
found  the  spadix  of  Arum  Jtalicum 
perceptibly  warm ;  and  De  Candolle 
ascertained  at  Montpellier,  that  the 
elevation  of  temperature  commences 
about  three  o'clock  p.  m.,  gains  its 
maximum  at  five  p.m.,  and  ceases  alto¬ 
gether  at  seven.  Senebier  found  the 
common  Arum  seven  degrees  warmer 
than  the  air.  Schultz  found  the  spa¬ 
dix  of  Caladium  pinnatifidum  four  or 
five  degrees  warmer  than  the  air  ; 
others  have  ascertained  the  same  part 
in  Arum  cordifolium  to  acquire  as  much 
as  thirty  degrees  of  temperature  above 
that  of  the  air  at  sun-rise ;  and  finally, 
Theodore  de  Saussure  assured  himself 
that  even  in  the  Gourd,  and  other  com¬ 
mon  plants,  the  temperature  rises  half 
a  centigrade  degree.  The  fact  being 
thus  incontestable,  it  is  interesting  to 
see  in  what  way  it  is  conformable  to 
theory. 

It  is  well  known  that  the  petals  and 
all  other  coloured  parts  (p.  90)  of 
plants  deprive  the  air  of  its  oxygen, 
which  combines  with  their  caijion  and 
forms  carbonic  acid :  that  this  takes 
place  at  particular  hours  to  a  great 
extent,  as  is  evident  from  the  following 


table  of  the  result  of  some  experiments 
made  by  Theodore  de  Saussure  upon 
the  proportion  of  oxygen  consumed  by 
plants  in  proportion  to  their  volume, 
when  placed  in  receivers  of  atmos¬ 
pheric  air  over  mercury;  the  experi¬ 
ment  lasting  twenty-four  hours,  and 
the  external  temperature  being  between 
18°  and  25°  centigrade. 

Oxygen  consumed  by 
Flowers.  Leaves. 

Common  Stock,  single  red 

var. . 11  4 

Ditto,  double  .  .  .  7  ’  7 

Tuberose,  single  ...  9  3 

Ditto,  double  .  .  .  7*4 

Brugmansia  arborea  .  .  9  5 

Passiflora  serratifolia  .  1 8  •  5  5 ' 25 

Hibiscus  speciosus  .  .  8‘7  5‘1 

Gourd,  sterile  Flowers  .  12  6  •  7 

White  Lily  .  .  .  .5  2 ’5 

Typha . 9‘8  4  "25 

&c.  &c.  &c. 

It  was  also  ascertained  that  the  sta¬ 
mens  and  pistils  are  still  more  rapa¬ 
cious  of  oxygen.  Those  of  the  Stock 
consumed  18  times  their  volume  instead 
oflli;  of  the  Nasturtium,  16*3  instead 
of  8 ' 5 ;  and  of  the  Gourd,  16  instead  of 
7 '6.  But  it  was  found  that  this  takes 
place  to  the  most  considerable  extent  in 
Arums.  While  the  spathe  of  the  com¬ 
mon  Arum  consumed  only  5  times  its 
volume  of  oxygen,  its  spadix  destroyed 
30  times,  and  that  part  on  which  the 
stamens  and  pistils  are  placed  as  much 
as  32  times. 

Hence  it  would  seem  that  the  high 
temperature  of  flowers  is  owing  to  the 
combination  of  oxygen  and  carbon, 
which  produces  a  kind  of  combustion  ; 
and  if  so,  we  ought  to  find  signs  of  dis¬ 
engagement  of  caloric  by  all  flowers. 
It  is,  however,  to  be  remembered,  that 
in  by  far  the  greater  number  of  flowers 
the  heat  is  carried  off  by  the  atmos¬ 
phere  the  instant  it  is  disengaged,  artd 
that  it  is  only  where  flowers  are  col¬ 
lected  in  great  numbers  within  cases 
which  act  as  non-conductors  and  con¬ 
fine  the  heat,  as  happens  in  Arums, 
that  the  elevation  of  temperature  be¬ 
comes  appreciable. 

Chapter  XIV 
Of  Fruiting. 

Immediately  after  fertilization  has 
taken  place,  all  the  parts  of  the  ovary 
swell,  the  ovule  closes  its  aperture,  the 
stigma  loses  its  humidity,  the  vessels 
of  the  style  collapse,  and  the  latter 
organ  either  drops  off  or  hardens  upon 
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1  he  ovary  as  a  rigid  process;  while  at 
the  same  time  an  embryo  plant  deve- 
lopes  in  the  inside  of  the  ovule.  This 
latter  occurrence  never  supervenes  un¬ 
less  the  act  of  fertilization  is  accom¬ 
plished  ;  all  the  others  may  take  place, 
the  ovary  may  grow,  and  even  the  in¬ 
teguments  may  acquire  their  mature 
dimensions,  in  the  absence  of  it. 

In  by  far  the  greater  number  of 
cases,  the  pericarp  becomes  more  and 
more  leathery,  woody,  cartilaginous,  or 
membranous,  and  gradually  changes 
from  green  to  brown  or  white  ;  and  in 
such  cases  the  world  is  scarcely  con¬ 
scious  of  the  production  of  fruit.  But 
in  some  instances  the  pericarp  acquires 
a  greater  volume,  becomes  succulent 
instead  of  drying  up,  often  acquires  the 
gayest  colours,  and  in  time  becomes 
what  we  popularly  term  fruit,  that  is, 
a  body  which  may  be  eaten,  or  looks 
as  if  it  might.  It  is  said  that,  in  the 
former  of  these  cases,  the  surface  of  the 
fruit  abounds  in  stomates,  which  en¬ 
able  the  fluid  matter  of  the  pericarp 
to  be  freely  evaporated,  and  that  in  the 
latter  an  absence  of  stomates  causes 
the  fluid  matter  to  accumulate  ;  but  it 
is  to  be  suspected  that  there  is  more 
hypothesis  than  truth  in  this  specula¬ 
tion.  Be  that  however  as  it  may,  it.  is 
with  the  latter  class  of  fruits  that  the 
world  is  most  conversant,  and  in  which 
it  is  most  interested,  and  to  which  it  is 
therefore  most  desirable  that  we  should 
turn  our  attention.  We  will  consider 
them,  firstly,  as  to  their  action  upon 
the  atmosphere,  and  secondly,  as  to  the 
nat  ure  of  the  changes  which  lead  them, 
from  being  acid,  austere  bodies,  to  be¬ 
come  the  rich,  sweet,  fragrant,  and 
often  luscious  productions,  which  we 
find  in  the  Peach,  the  Orange,  the  Fig, 
the  Grape,  and  the  like. 

With  reference  to  the  'first,  of  these 
considerations,  the  words  of  Theodore 
de  Saussure  are  the  only  ones  which  it 
is  necessary  to  quote.  “  Fruits,  while 
green,  whether  leafy  or  fleshy,”  says 
this  great  observer,  “  act  much  as  leaves 
either  in  the  sun  or  in  shade,  and  differ 
from  those  organs  principally  in  the 
intensity  of  their  action.  In  the  night 
they  destroy  the  oxygen  of  their  at¬ 
mosphere,  and  replace  it  with  carbonic 
acid,  which  they  partially  absorb  again. 
This  absorption  is  generally  less  in  the 
open  air  than  under  a  receiver;  and 
their  volume  remaining  the  same,  they 
consume  more  oxygen  in  darkness  when 
distant  from  ripeness  than  when  they 


are  approaching  that  state.  If  ex¬ 
posed  to  the  sun,  they  disengage  al¬ 
together  or  in  part  the  oxygen  which 
they  inspired  during  the  night,  and 
preserve  no  trace  of  this  acid  in  their 
own  atmosphere.  If  many  fruits  are 
detached  from  the  plant,  they  thus  add 
oxygen  to  air  which  contains  no  car¬ 
bonic  acid.  When  their  vegetation  is 
very  feeble,  or  extremely  languid,  they 
vitiate  the  air  under  all  circumstances, 
but  less  in  the  sun  than  in  the  shade. 
Green  fruits  detached  from  a  plant, 
and  exposed  successively  to  the  action 
of  the  sun  and  of  darkness,  change  it 
but  little  or  not  at  all  either  in  purity 
or  in  volume.  The  trifling  variations 
that  may  be  remarked  in  this  respect 
depend  either  upon  the  greater  or  less 
faculty  which  they  have  of  elaborating 
carbonic  acid,  or  in  their  composition, 
which  is  modified  according  to  the  de¬ 
gree  of  their  ripeness.  Thus  Grapes  in 
a  state  of  verjuice  appear  to  assimilate 
in  small  quantity  the  oxygen  of  the 
carbonic  acid  which  they  form  in  the 
air  where  they  vegetate  both  day  and 
night ;  while,  on  the  contrary,  Grapes 
nearly  ripe  give  back  almost  entirely 
during  the  day  to  their  own  atmosphere 
the  oxygen  of  the  carbonic  acid  they 
have  formed  in  darkness.  If  there  is 
no  deception  in  this  circumstance, 
which,  although  feeble,  appears  to 
have  been  constant,  it  marks  the  pas¬ 
sage  from  the  acid  to  the  sweet  state 
by  indicating  that  the  acidity  of  ver¬ 
juice  depends  upon  the  fixing  of  the 
oxygen  of  the  air,  and  that  this  acidity 
disappears  when  the  fruit  no  longer 
seeks  for  carbon  in  the  air  or  in  car¬ 
bonic  acid.  Green  fruits  decompose 
either  entirely  or  in  part  not  only  the 
carbonic  acid  they  have  produced  dur¬ 
ing  the  night,  but  in  addition  such 
quantity  as  may  be  artificially  added 
to  their  atmosphere.  When  this  last 
experiment  is  tried  with  fruits  which 
are  not  watery,  and  which,  like  Apples 
and  Grapes,  elaborate  but  slowly  car¬ 
bonic  acid,  one  sees  that  they  absorb 
in  the  sun  a  much  larger  proportion  of 
gas  than  the  same  volume  of  water  in 
a  similar  mixture ;  afterwards  they  dis¬ 
engage  the  oxygen  of  the  carbonic  acid 
absorbed,  and  thus  appear  to  elaborate 
it  in  their  interior. 

“  They  appropriate  to  themselves 
during  their  vegetation  both  oxygen 
and  water,  compelling  the  latter  to 
lose  its  liquid  state. 

“  These  results  are  often  not  observ 
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able  in  volumes  of  air  less  than  from 
30  to  40  times  that  of  the  volume  of 
the  fruit,  and  by  diminishing  the  heat¬ 
ing  power  of  the  sun.  If  such  pre¬ 
cautions  are  neglected,  many  fruits 
will  vitiate  the  air  even  in  the  sun  by 
forming  carbonic  acid  with  the  ambient 
oxygen  ;  but  even  in  the  latter  case, 
the  simple  comparison  of  their  effect 
in  light  with  what  they  produce  under 
the  influence  of  night  and  darkness, 
demonstrates  that  they  decompose  car¬ 
bonic  acid.’’ 

With  regard  to  the  alterations  which 
the  constituent  parts  of  fruit  undergo 
during  the  action  of  the  preceding  phe¬ 
nomena,  and  in  the  course  of  matura¬ 
tion,  we  cannot  do  better  than  repro¬ 
duce  the  results  obtained  by  De  Can¬ 
dolle,  from  the  observations  of  B6rard 
of  Montpelier 

If  we  examine  the  modifications 
which  the  flesh  of  fruits  undergoes  in 
ripening,  we  shall  at  first  remark  that 
their  fibrous  or  cellu’ar  tissue  (which 
varies  very  much  in  quantity  in  differ¬ 
ent  species)  is  merely  lignine.  In 
most  cases,  especially  in  very  fleshy 
fruits,  lighter,  less  tough,  and  more 
easily  soluble  in  alkaline  solutions 
than  common  lignine  ;  but  presenting 
characters  of  an  opposite  kind  in  other 
parts  of  the  same  fruit,  such  as  their 
stones. 

The  liquid  which  fills  the  flesh  of 
succulent  pericarps  consists  of  sap 
placed  in  the  inter-cellular  passages 
and  of  the  matter  contained  in  the 
cells.  This  liquid  of  the  flesh,  or  of 
the  fleshy  endoearp,  contains,  besides 
a  great  quantity  of  water,  sugar,  gum, 
malic  acid,  malate  of  lime,  colouring 
matter,  a  vegeto-animal  substance, 
and  an  aromatic  secretion  peculiar  to 
each  fruit :  there  is,  moreover,  in  cer¬ 
tain  cases,  the  tartrates  both  of  potash 
and  of  lime,  as  in  Grapes ;  and  citric 
acid  in  the  Lemon,  and  even  in  small 
quantity  in  the  Gooseberry. 

A  comparison  of  the  analysis  of  cer¬ 
tain  fruits  before  they  are  ripe  and  at 
that  period  gives  some  curious  results. 
In  the  first  place  there  is  a  disappearance 
of  water  in  a  liquid  state,  viz.  per  cent. — 

Water  be-  Water  at 

fore  ripeness,  ripeness. 

Apricots  .  .  .  .  89 ’39  74 '87 

Currants  ....  86*41  81 ’10 

Duke  Cherries  .  .  88*28  74*85 

Green  Gages  .  .  .  74*87  71*10 

Melting  Peaches  .  .  90*31  80*24 

Jargonelle  Pears  .  .  86*28  83*88 


This  diminution  appears  to  depend 
in  part  upon  the  fruit  absorbing  less 
water  as  it  approaches  maturity  and 
in  part  upon  the  combination  with  its 
tissue  of  a  portion  of  the  water  it  has 
received.  Sugar,  on  the  contrary,  ap¬ 
pears  to  be  continually  on  the  increase, 
as  indeed  the  taste  would  tell  us ; 


thus  we  find,  per  cent.,— 

Green. 

Ripe. 

Apricots  (a  trace  when 

young,  afterwards)  , 

6' 

64 

16*48 

Red  Currants 

0 

*52 

6*24 

Duke  Cherries 

1 

12 

19*12 

Green  Gage  Plums  . 

17 

*71 

24*81 

Melting  Peaches  . 

0 

'63 

11*61 

Jargonelle  Pears 

6' 

■43 

11*52 

This  sugar  is  sometimes  in  a  state 
more  or  less  concrete,  as  in  the  Grape, 
the  Fig,  and  the  Peach,  sometimes  in 
a  liquid  state.  It  seems  to  be  formed 
at  the  expense  of  other  matters,  the 
proportion  of  which  diminishes.  Thus 
the  quantity  of  lignine  per  cent,  is 
found — 


Green. 

3*61 


Ripe. 

1*86 


Apricots 
Currants  (including  the 
seeds)  .  .  .  8*45  8*01 

Duke  Cherries  .  .  2*44  1*12 

Green  Gage  Plums  .  1*26  1*11 

Melting  Peaches  .  .  3*01  1*21 

Jargonelle  Pears  .  3*80  2*19 

It  is  possible,  indeed,  that  the  lig¬ 
nine  formed  in  the  green  fruit  did  not  in 
reality  diminish,  but  that  the  dilata¬ 
tion  of  the  cellular  tissue,  and  conse¬ 
quently  the  augmentation  of  the  aque¬ 
ous  products  rendered  it  proportionably 
less,  without  its  being  absolutely  so. 
But  the  gummy,  mucilaginous,  or  gela¬ 
tinous  matters,  appear  very  susceptible 
of  changing  into  sugar :  thus,  M.  Cou- 
verchel  has  found  that  if  we  treat 
apple  jelly  with  a  vegetable  acid  dis¬ 
solved  in  water,  we  obtain  a  sugar  ana¬ 
logous  to  that  of  Grapes  ;  that  the  gum 
of  Peas,  placed  with  oxalic  acid,  in  a 
temperature  of  125°  (Reaum.)  changed 
to  sugar  ;  that  gum  extracted  from 
starch,  if  mixed  with  the  juice  of  green 
Grapes,  rendered  the  latter  saccharine  ; 
and  finally  that  tartaric  acid  will  pro¬ 
duce  the  same  effect  by  aid  of  heat :  this 
is  the  reason  why  most  fruits  become 
sweet  when  cooked. 

Other  matters  offer  remarkable  dis¬ 
parities  between  one  fruit  and  another : 
thus  malic  acid  keeps  diminishing  in 
Apricots  and  Pears,  augmenting  in 
Currants,  Cherries,  Plums,  and  Peaches. 
Gum  keeps  diminishing  in  Currants, 
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Cherries,  Plums,  and  Pears,  and  aug¬ 
menting  in  Apricots  and  Peaches. 
Animal  matter  keeps  diminishing  in 
Apricots  and  Plums,  and  increasing  in 
Currants,  Peaches,  Cherries,  and  Pears. 
Lime,  which  never  exists  except  in 
small  quantity,  seems  generally  to  di¬ 
minish,  probably  because  evaporation 
becomes  less  with  maturity. 

With  regard  to  the  alterations  which 
fruits  undergo  after  ripening,  in  most 
instances  decaying  and  in  others  blet- 
ting,  there  are  several  circumstances 
deserving  of  attention.  These  two 
states  of  decomposition  cannot,  accord¬ 
ing  to  B6rard,  take  place  except  by 
the  action  of  the  oxygen  of  the  air,  al¬ 
though  he  admits  that  a  very  small 
quantity  only  is  sufficient  to  cause  it. 
He  succeeded  in  preserving  for  several 
months,  with  little  alteration,  the  fleshy 
fruits  which  were  the  subjects  of  the 
foregoing  experiments,  by  placing  them 
in  hydrogen  or  nitrogen  gases.  All 
fruits  at  this  extreme  period  of  their 
duration,  whether  they  decay  or  whe¬ 
ther  they  blet,  form  carbonic  acid  with 
their  own  carbon  and  the  oxygen  of  the 
air,  and  moreover  disengage  from  their 
proper  substance  a  certain  quantity  of 
carbonic  acid. 

Bletting  is  in  particular  a  special 
alteration ;  it  appears  that  the  more 
austere  a  fruit  is  before  this  is  brought 
on,  the  more  it  is  capable  of  blet¬ 
ting  regularly.  It  has  been  found 
that  a  Jargonelle  Pear  in  passing  to 
this  state  loses  a  great  deal  of  water 
(83*88  reduced  to  62*73),  pretty  much 
sugar  (11  *52  reduced  to  8  77),  and  a 
little  lignine  (2*  19  reduced  to  1*85); 
but  acquires  rather  more  malic  acid, 
gum  and  animal  matter.  Lignine,  in 
particular,  seems  in  this  kind  of  altera¬ 
tion  to  undergo  a  change  analogous  to 
that  of  wood  in  decay. 

With  regard  to  the  ripening  of  seeds, 
it  may  be  remarked  that  in  all  cases 
the  first  thing  that  occurs  after  fertili¬ 
zation  is  the  closing  up  of  the  aper¬ 
ture  of  the  ovule ;  next  to  which  comes 
the  appearance  of  the  embryo,  which 
is  originally  an  opaque  speck  near  the 
apex  of  the  nucleus,  and  which  at  that 
time  is  surrounded  by  a  mucous  fluid, 
from  which  it  seems  to  derive  its  nu¬ 
triment.  Although  in  many  cases  no 
trace  is  finally  discoverable  of  a  chord 
connecting  the  embryo  with  the  point 
of  the  nucleus,  yet  in  some  instances 
such  a  communication  is  plainly  visible, 
as  in  Zamia  and  Cycas,  and  according  to 


Brown  in  Orchideous  plants.  As  the 
embryo  advances  in  size,  it  projects 
forwards  into  the  cavity  of  the  ovule, 
absorbing  the  fluid-matter  which 
bathes  it,  till,  when  it  is  finally  ripe, 
there  is  no  longer  any  water  in  an  un¬ 
fixed  state.  During  the  solidification 
of  its  parts  it  gradually  exchanges  its 
saccharine  quality,  which  seems  com¬ 
mon  to  all  seeds  when  young,  for  the 
amylaceous,  oily,  resinous,  and  other 
secretions  which  are  peculiar  to  it. 
It  also  deposits  among  its  tissue  a  va¬ 
riable  quantity  of  earthy  matter,  and  of 
carbon,  which  contributes  to  give  it  a 
certain  degree  of  hardness,  which  in 
some  instances  is  of  a  stony  consistence. 
All  this  accomplished,  it  acquires  a 
greater  weight  than  water,  and  conse¬ 
quently  if  ripe  seeds  are  thrown  into 
that  fluid  they  will  sink  if  they  are  pro¬ 
perly  matured,  unless,  as  happens  in 
some  cases,  the  integuments  of  the 
seed  contain  air-cells,  or  there  should 
be  a  cavity  in  the  centre  of  the  seed 
itself. 

Although  the  deposition  of  earthy 
or  other  solid  matter  is  what  marks  the 
complete  maturity  of  a  seed,  yet  it  ap¬ 
pears  that  this  condition  is  not  neces¬ 
sary  to  secure  germination,  for  Sene- 
bier  found  that  unripe  Peas  vegetated 
more  freely  than  ripe  ones.  It  rather 
appears  to  be  a  provision  of  nature  to 
protect  them  from  accidents,  and  to 
enable  them  to  resist  in  safety  the 
many  vicissitudes  they  are  likely  to 
experience,  after  having  once  sepa¬ 
rated  from  their  parent  plant. 

It  appears,  indeed,  as  if  the  longevity 
of  seeds,  that  is  to  say  the  length  of 
time  they  can  preserve  their  vegeta¬ 
tive  powers,  depends  very  much  upon 
the  completeness  of  the  protection  af¬ 
forded  the  embryo  by  its  integuments. 
Gardeners  know  how  impossible  it  is 
to  preserve  very  delicate  seeds  with 
thin  skins  more  than  a  few  weeks  or 
months;  while,  on  the  other  hand, 
hard,  bony  seeds  have  been  known  to 
germinate  after  the  lapse  of  a  great 
number  of  years.  When  land  is  cleared, 
or  ancient  ditches  emptied,  or  earth 
broken  up  to  a  considerable  depth,  as 
in  well-digging,  it  not  unfrequently 
happens  that  plants  spring  from  the 
mould,  whose  seeds  must  have  been 
buried  for  many  years  or  ages.  Even 
when  exposed  to  the  vicissitudes  of 
climate,  seeds  will  often  grow  after 
many  years ;  seeds  of  melons  have 
been  known  to  grow  after  forty-one 
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years,  Indian  Wheat  after  thirty  years. 
Rye  after  forty  years,  Sensitive  Plant 
after  sixty  years,  and  Kidney  Beans, 
taken  from  Tournefort's  herbarium,  a 
hundred  years  after  they  were  gathered. 

It  is  extremely  difficult  to  say  what 
the  conditions  are  under  which  the 
vitality  of  seeds  is  thus  preserved,  so 
conflicting  are  the  statements  of  culti¬ 
vators,  and  so  little  apparent  connex¬ 
ion  have  the  instances  of  seminal  lon¬ 
gevity  with  each  other.  It  may,  how¬ 
ever,  upon  the  whole,  be  inferred  from 
the  duration  of  seeds  buried  in  the 
earth,  and  from  other  circumstances, 
that  the  principal  conditions  are,  1. 
uniform  temperature  ;  2.  moderate  dry¬ 
ness  ;  and  3.  exclusion  of  light.  And 
it  will  be  found  that  the  success  with 
which  seeds  are  transported  from  fo¬ 
reign  countries  in  a  living  state  is  in 
proportion  to  the  care  and  skill  with 
which  these  conditions  are  preserved. 
For  example,  seeds  brought  from  India, 
round  the  Cape  of  Good  Hope,  rarely 
vegetate  freely ;  in  this  case  the  double 
exposure  to  the  heat  of  the  equator, 
and  the  subsequent  arrival  of  the  seeds 
in  cold  latitudes,  are  probably  the 
causes  of  their  death,  for  seeds  brought 
overland  from  India,  and  therefore  not 
exposed  to  such  fluctuations  of  tem¬ 
perature,  generally  succeed.  Others, 
again,  which  cannot  be  conveyed  with 
certainty  if  exposed  to  the  air,  will  tra¬ 
vel  in  safety  for  many  months  if  bu¬ 
ried  in  clay  rammed  hard  in  boxes ;  in 
this  manner  only  can  the  seeds  of  the 
Mango  be  brought  alive  from  the  West 
Indies  ;  and  it  was  thus  the  principal 

Eart  of  the  Araucaria  Pines,  now  in 
ngland,  were  transported  from  Chile. 
It  may  therefore  be  well  worth  consi¬ 
deration  whether,  by  some  artificial 
contrivance,  in  which  these  principles 
shall  be  kept  in  view,  it  may  not  be 
possible  to  reduce  to  something  like 
certainty  the  preservation  of  seeds  in 
long  voyages.  Such,  for  instance, 
as  by  surrounding  them  by'  many 
layers  of  non-conducting  matter:  as 
case  over  case  of  wood  ;  or  by  ramming 
every  other  space  in  such  cases  with 
clay  in  a  dry  state.  These  means  seem 
more  likely  to  answer  their  end  than 
the  usual  modes  of  putting  seeds  in 
bottles,  packing  them  in  charcoal,  or 
surrounding  them  by  coats  of  wax — 
all  of  which,  it  is  well  known,  are  ab¬ 
solutely  prejudicial,  instead  of  benefi¬ 
cial  to  the  seeds.  In  illustration  of 
what  we  have  recommended,  we  may 


add  that  seeds  are  well  known  to  travel 
nest  in  their  own  pods,  or  pericarps ; 
may  we  not  suppose  that  their  vitality 
is  preserved  in  such  instances  by  the 
non-conducting  quality  of  the  air  which 
the  cavities  of  the  fruit  contain  ? 

Chapter  XV. 

Of  Germination. 

When  a  plant  has  ripened  its  fruit  and 
fully  formed  its  seeds,  it  has,  to  a  great 
extent,  fulfilled  its  destiny,  and  it  has 
accomplished  the  important  act  of  re¬ 
producing  its  like.  It  will  by  that  time 
have  gone  through  all  the  phases  of 
growth,  and  to  whatever  number  of 
years  it  may  afterwards  exist,  its  life 
will  be  only  a  repetition  of  phenomena 
that  have  already  occurred  to  it. 

The  act  of  germination,  therefore, 
which  is  the  springing  into  life  of  a 
new  individual,  is  to  be  considered  the 
first  period  of  growth,  and  the  com¬ 
mencement  of  a  future  system,  not  the 
termination  of  an  old.  one,  as  might 
be  supposed  from  the  subject  being 
mentioned  thus  late  in  the  present 
sketch. 

A  seed  when  beginning  to  grow  pre¬ 
sents  the  following  remarkable  features. 
If  placed  in  a  humid  medium,  and  ex¬ 
posed  to  a  moderate  degree  of  warmth, 
it  absorbs  the  ambient  fluid,  distends, 
bursts:  its  integuments,  protrudes  a 
root  downwards  into  the  earth,  and 
shortly  after  elevates  a  stem  into  the 
air.  This  is  all  that  strikes  the  ordinary 
observer  ;  but  if  the  seed  be  examined 
more  carefully,  it  w'ill  be  found  to  ab¬ 
sorb  oxygen  from  the  air  that  surrounds 
it,  and  to  give  off  carbonic  acid  in  con¬ 
siderable  quantity.  By  this  means  it 
gets  rid  of  the  carbon  of  which  it  origi¬ 
nally  consists  in  a  high  degree,  and  its 
parts  are  softened  by  water  and  ren¬ 
dered  more  capable  of  extension  and 
expansion.  If  a  seed  is  made  to  ger¬ 
minate  in  light  this  happens  in  a  less 
degree  ;  but  in  light  or  in  darkness  it 
happens  always.  Such  being  the  case, 
and  such  the  struggle  on  the  part  of  the 
seed  to  get  rid  of  its  carbon  by  convert¬ 
ing  it  into  carbonic  acid,  we  may  con 
elude  that  whatever  favours  or  im¬ 
pedes  the  destruction  of  carbon  during 
germination  will  be  advantageous  or 
the  contrary  to  the  function.  And  this 
explains  the  cause  of  seeds  buried  at 
great  depths  beneath  the  soil,  where 
they  are  cut  off  from  communication 
with  the  oxygen  of  the  atmosphere. 
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remaining  for  so  many  years  without  small  and  delicate.  Gourd  seeds  have 
germinat?ng.  In  fact  it 'has  been  as-  had  their  radicle  cut  away  as  soon  as 
certained  by  experiment,  that  if  seeds  it  began  to  fruit,  and  it  has  been 
are  placed  either  in  vacuo,  or  in  an  afterwards  incessantly  destroyed  as  it 
atmosphere  of  nitrogen  or  hydrogen,  lengthened ;  the  plumule  also  has 
they  will  not  germinate  ;  and  still  less  been  cut  away,  and  yet  in  both  cases 
in  carbonic  acid.  It  is  a  remarkable  germination  has  gone  on  as  usual.  Of 
circumstance,  and  one  which  is  of  no  course  there  must  be  a  limit  to  these 


little  interest  in  pointing  out  the  won¬ 
derful  foresight  with  which  every  part 
of  the  creation  is  adapted  to  mundane 
conditions,  that  after  many  trials  it  has 
been  found  that  seeds  germinate  most 
freely  in  an  atmosphere  consisting  of 
one  part  oxygen  and  three  parts  nitro¬ 
gen,  which  is  nearly  the  proportion  of 
the  air  we  breathe.  If  the  quantity  of 
oxygen  is  increased,  the  carbon  of  the 
embryo  is  abstracted  too  rapidly,  and 
the  young  plant  is  feeble  ;  if  the  pro¬ 
portion  is  smaller,  carbon  is  not  lost  in 
sufficient  quantity,  and  the  young  plant 
is  scarcely  capable  of  being  roused  into 
life.  These  facts  lead  us  to  doubt  the 
accuracy  of  those  experiments  which 
seemed  to  prove  that  germination 
might  be  accelerated,  or  even  death 
arrested  in  seeds  by  excess  in  doses  of 
oxygen ;  and  it  is  well  known  that, 
although  the  name  of  Humboldt  has 
been  enlisted  in  the  support  of  such 
speculations,  they  are  by  no  means  com 
formable  to  experience. 

The  consequence  of  the  destruction 
of  the  oxygen  of  the  air  by  the  carbon 
of  the  seed  produces  a  sensible  heat 
in  germination,  just  as  a  similar  cause 
produces  a  like  effect  in  flowers.  Hence 
the  heat  of  the  masses  of  Barley,  which 
are  made  to  germinate  in  darkness  in 
order  to  become  malt.  And  it  can 
scarcely  be  doubted  that  the  change  of 
the  starch  of  that  grain  into  sugr.r,  is 
equally  owing  to  the  abstraction  of  a 
proportion  of  its  carbon,  and  the  ad¬ 
dition  of  some  other  proportion  of 
oxygen.  i 

There  can  be  no  reasonable  doubt 
that  everything  that  has  been  created 
has  been  destined  for  some  important 
purpose,  and  consequently  one  would 
expect  that  every  part  of  a  seed  is  im- 
uortant  to  the  w’ell-being  of  that  seed. 
Nevertheless,  it  has  been  found  pos¬ 
sible  to  deprive  an  embryo  of  many  of 
its  parts,  without  actually  destroying 
its  vitality.  Kidney  Beans  will  grow 
pretty  well  with  only  one  cotyledon, 
or  even  with  neither ;  only  in  the  latter 
case  the  young  plant  is  very  feeble. 
Oaks  so  treated  have  grown  for  several 
years,  but  were  always  remarkably 


mutilations,  but  De  Candolle  exclaims, 

“  Where,  then,  is  life  ?  Where  is  the 
seat  of  that  mysterious  principle  which 
compels  all  the  powers  of  decom¬ 
position  to  obey  its  call,  to  change 
their  nature,  and  to  become  powers  of 
recomposition?”  This  question  is  so 
difficult  to  answer,  that  we  shall  pass 
it  by  in  silence. 

Chapter  XVI. 

Of  the  Reproduction  of  Flowerless 
Plants. 

The  foregoing  observations  have  car 
ried  us,  somewhat  superficially  it  must 
be  confessed,  but  at  the  same  time  con¬ 
secutively,  through  all  the  principal  cir¬ 
cumstances  that  occur  in  the  life  of  a 
perfect  plant. 

All  that  relates  to  imperfect  plants, 
or  those  which  are  increased  by  simple 
division  of  their  own  substance  and  not 
by  seeds,  is  equally  explicable  upon 
the  same  rules,  with  the  single  excep¬ 
tion  of  their  reproduction.  Upon  this 
head  it  is  necessary  that  we  should  offer 
a  few  special  remarks. 

It  must  be  obvious  upon  considera¬ 
tion,  that  plants  in  which  there  exists 
neither  stamens  nor  pistils,  and  in 
which  there  consequently  cannot  take 
place  any  of  those  phenomena  we  have 
lately  been  examining,  must  also  be 
destitute  of  seeds  ;  for  a  seed  is  nothing 
but  a  sac  of  mucous  matter  in  a  par¬ 
ticular  state  of  organization  into  which 
either  the  germ  of  a  new  individual  has 
been  conveyed,  or  wherein  its  existence 
has  been  produced  by  some  unknown 
action  of  pollen.  That  Nature  has  not, 
however,  neglected  the  means  of  pro¬ 
pagating  the  lower  tribes  of  plants,  is 
plain  from  their  great  abundance  in 
favourable  situations ;  and,  upon  ex¬ 
amination,  we  find  that,  if  they  have 
not  reproductive  organs  like  those  of 
plants  of  a  higher  organization,  they 
are  furnished  with  matter  of  another 
kind  which  answers  the  purpose  equally 
well.  This  matter  consists  of  what  are 
called  sporules  or  spores,  and  is  lodged 
in  parts  which  may  be  considered  ana¬ 
logous  in  their  function  to  carpels, 
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although  they  have  not  only  no  resem¬ 
blance  in  structure  to  those  parts  in 
flowering  plants,  but  also  very  little 
among  each  other;  the  spore  cases 
being  sometimes  elaborate  pieces  of  or¬ 
ganization,  as  in  Ferns  and  Mosses, 
and  sometimes  mere  simple  tubes 
buried  in  the  substance  of  the  plant,  as 
in  Lichens,  Fungi,  &c. 

In  the  more  perfect  of  the  tribes  of 
flowerless  plants,  there  can  be  no  doubt 
that  spores  act  precisely  like  seeds 
in  reproducing  the  species ;  for  if  those 
from  the  back  of  the  leaves  of  Ferns, 
or  from  the  urn  of  a  Moss  are  sown, 
as  they  have  often  been,  they  uniformly 
produce  the  same  species  as  that  from 
which  they  were  derived.  In  regard  to 
these  plants,  then,  no  difference  exists 
between  seeds  and  spores,  except  as  to 
the  origin,  organization,  and  mode  of 
development  of  the  latter.  Instead  of 
having  their  centre  divided  into  plu¬ 
mule  and  radicle,  to  which  one  or  two 
cotyledons  are  attached,  they  are  mere 
homogeneous  masses  of  cellular  sub¬ 
stance  ;  and  instead  of  uniformly 
growing  from  two  constant  points  of 
their  surface,  from  one  upwards,  and 
from  the  other  downwards,  they  are 
capable  of  sprouting  into  root  or  stem 
indifferently  from  any  point  of  their 
surface ;  the  nature  of  the  part  the 
spores  produce  depending  not  upon 
pre-existing  organization,  but  upon  ac¬ 
cidental  circumstances.  When  they 
begin  to  grow,  that  portion  of  the  sur¬ 
face  which  is  exposed  to  light  extends 
into  a  stem,  and  that  which  is  turned 
to  darkness  and  humidity  becomes  root. 
Mirbei  found  in  his  experiments  upon 
Marchantia,  that  it  was  possible,  up  to 
a  particular  period  of  the  growth  of  the 
spores  of  that  plant,  to  induce  the  parts 
they  had  developed  to  change  their 
functions,  the  rudimentary  stem  taking 
on  itself  the  office  of  a  root,  and  the 
new-born  root  becoming  stem  when 
their  situation  was  inverted. 

It  may  be  considered,  then,  an  un¬ 
doubted  fact  that  the  higher  tribes  of 
flowerless  plants  are  multiplied  by 
their  spores,  and  reproduce  their  spe¬ 
cies  each  after  its  kind,  just  as  much 
as  flowering  plants  by  their  seeds.  But 
with  regard  to  the  most  simple  forms 
of  vegetation,  such  as  Fungi,  Lichens, 
and  Sea-weeds,  the  subject  is  involved 
in  so  much  greater  mystery,  that  there 
are  to  this  day  Botanists  of  no  mean  re¬ 
putation  who  believe  such  plants  to  be 
produced  by  means  almost  analogous  to 


equivocal  generation.  In  their  opinion 
there  is  a  common  matter  of  vegeta¬ 
tion,  of  which  the  green  matter  of 
Priestley  may  be  taken  as  the  purest 
form,  consisting  of  simple  globular  cel¬ 
lules,  and  possessing  the  vital  principle 
in  each  cellule.  They  suppose  that 
such  cellules  have  no  specific  power  of 
reproduction,  but  that  the  various  forms 
into  which  they  eventually  grow  de¬ 
pend  upon  the  atmospheric  and  other 
circumstances  to  which  the  cellules 
may  be  exposed,  and  not  to  any  in¬ 
trinsic  property  of  their  own.  Thus 
such  matter,  which  exists  everywhere, 
if  called  into  life  upon  a  bare  wall  be¬ 
comes  a  Lichen,  in  a  dark  cellar  a 
Fungus,  in  the  skin  of  a  plant  a  Para¬ 
site,  and  in  water  a  Conferva.  It  is 
thought  that  several  circumstances 
tend  to  show  the  justice  of  such  opi¬ 
nions  ;  a  Conferva,  for  instance,  is 
never  found  in  any  other  medium  than 
water,  and  a  Lichen  only  in  air.  Many 
forms  of  matter  are  said  to  be  uniformly 
productive  of  the  same  species  of  plant, 
as,  for  example,  decayed  cheese,  which 
has  always  the  same  kind  of  fungi — 
the  Berberry,  the  Rose,  and  a  host  of 
other  plants,  whose  parasites  are  always 
confined  to  particular  species,  and  some¬ 
times  to  particular  organs,  those  of  the 
bark  not  being  always  the  same  as 
those  of  the  leaves.  If  a  plant  of  these 
three  tribes  is  examined  microscopi¬ 
cally,  it  will  be  found  that  it  is  often  a 
mere  mass  of  cellules,  exactly  like  the 
spore  or  reproductive  cellule,  except 
in  colour ;  and  that,  even  in  this  re¬ 
spect,  there  is  not  always  a  difference  ; 
for  in  such  species  as  the  Red  Snow- 
plant  the  cellules  are  all  alike  in  colour 
as  well  as  form.  It  is  further  asserted 
that  the  power  of  reproduction  is  not 
confined  to  the  spores,  but  exists  in  all 
the  cells  of  which  these  plants  are  com¬ 
posed  ;  and  we  are  told,  by  certain 
German  writers,  that  if  a  Lichen  be 
rubbed  in  pieces,  its  powder  will  pro¬ 
duce  a  Lichen-like  plant,  although  the 
spores  are  not  allowed  to  mingle  with 
the  powder.  It  has  been  shown  that 
one  supposed  species  of  merely  cellular 
plants  is  transformed  into  another ; 
and  that  even  different  genera  might 
be  seen  to  emanate  from  the  very  same 
original  seed.  Nees  von  Esenbeck 
watched  the  development  of  a  cob¬ 
webby  matter  which  is  common  in 
the  hothouses  at  Bonn,  and  he  found 
that  when  the  weather  was  dark,  as  in 
the  winter  and  autumn,  it  produced 
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the  Sclerotium  mycetospora ;  but 
that,  upon  the  return  of  long,  bright 
days,  Agaricus  volvaceus  was  born 
from  it. 

If  we  add  to  these  considerations  the 
singular  fact  that  man  holds,  as  it  were, 
in  his  hands  the  power  of  creating  these 
things  at  will,  at  least  in  the  instance 
of  the  common  Mushroom,  which  will 
always  be  produced  by  an  artificial 
mixture  of  decayed  and  earthy  matter, 
it  cannot  be  denied  that  a  strong  primd 
facie  case  is  made  out  by  those  who 
doubt  the  specific  power  of  reproduc¬ 
tion  in  the  spores  of  the  lowest  tribes 
of  plants,  and  this  without  having  re¬ 
course  to  the  more  questionable  state¬ 
ments  that  spores  become  plants  under 
one  set  of  conditions,  and  animalcules 
under  others. 

It  is,  however,  by  no  means  clear 
that  these  arguments  are  well-founded. 
Many  of  them  are  answerable  upon  the 
ground  of  our  imperfect  powers  of  ob¬ 
servation,  which  lead  us  to  confound 
forms  of  matter  which  are  essentially 
different.  It  by  no  means  follows  that 
spores  are  not  differently  organized 
from  simple  cells,  because  we  cannot 
discover  the  difference  in  their  organi¬ 
zation.  Let  us  remember  that  these 
parts  can  only  be  distinguished  with 
the  assistance  of  the  finest  microscopes, 
and  we  all  of  us  know  how  little  those 
instruments  are  capable  of  revealing, 
notwithstanding  all  their  power.  Nei¬ 
ther  have  we  a  right  to  say  that  a  cob¬ 
webby  substance  produces  the  genus 
Agaric  in  the  summer,  and  the  genus 
Sclerotium  in  the  winter.  We,  in  our 
blindness,  may  think  fit  to  draw  such 
distinctions ;  but  our  language  ought 
rather  to  be  that  the  Agaric  and  the 
Sclerotium  are  different  states  of  the 
same  species ;  for  are  they  more  dif¬ 
ferent  than  the  Pupa  and  the  perfect 
Butterfly  ?  That  all  sorts  of  errors  as 
to  the  genera  and  species  of  imperfect 
plants  do  exist  among  Botanists  is  no¬ 
torious.  Unger  has  shown  this  to  be 
the  case  in  Lichens ;  no  one  can  well 
doubt  that  it  is  so  in  Algae.  Unger  has 
made  it  clear  that  not  a  few  so-called 
parasitical  plants  are  mere  morbid  con¬ 
ditions  of  the  cuticle  ;  and  with  regard 
to  Fungi  in  general,  what  has  just  been 
said  concerning  their  metamorphoses  is 
quite  sufficient  to  justify  our  doubts  in 
regard  to  the  distinctness  in  nature  of 
what  are  called  the  genera  and  species 
of  that  tribe. 

As  to  the  conversion  of  living  matter 
into  either  animal  or  vegetable  forms. 


according  to  the  external  circumstances 
to  which  it  is  exposed,  it  must  always 
be  remembered  that  such  supposed 
cases  have  only  been  found  to  occur 
when  common  water  has  been  em¬ 
ployed  ;  and  it  is  absurd  in  any  ob¬ 
servers  to  pretend  to  a  knowledge  of 
what  kind  of  elementary  matter  impure 
water  may  contain.  It  is  just  as  likely  to 
contain  the  sperm  of  ahimalcules,  invisi¬ 
ble  to  our  senses,  as  the  spores  of  plants ; 
and  this  is  the  more  probable,  when  we 
consider  that  no  one  has  ever  procured 
either  the  one  or  the  other  from  pure 
water.  We  have  before  us  a  jar  of  dis¬ 
tilled  water  that  has  been  standing 
freely  exposed  to  light  for  eleven  years, 
and  it  does  not  exhibit  a  trace  of  or¬ 
ganic  matter. 

Surely  it  is  more  philosophical,  more 
conformable  to  what  we  really  know, 
to  ascribe  Ihe  phenomena  that  have 
lately  been  spoken  of  to  myriads  of  mi¬ 
croscopic  spores  floating  in  the  atmo¬ 
sphere,  and  dispersed  by  currents  of  air 
wherever  that  air  can  penetrate  ;  and 
those  who  are  practically  acquainted 
with  the  nature  of  spores  will  be  the 
least  likely  to  question  the  probability 
of  this  ;  for  they  best  know  how  incon¬ 
ceivably  minute,  how  infinitely  nume¬ 
rous,  such  spores  really  are.  Even  the 
common  observer  may  form  some  no¬ 
tion  of  the  fact  from  the  calculation 
that  millions  of  millions  must  be  con¬ 
tained  in  a  single  Mushroom ;  and  that 
many  hundreds  of  reproductive  parti¬ 
cles  are  emitted  by  every  microscophc 
head  of  the  common  blue  mould  of 
cheese. 

Let  us  not,  then,  be  led  astray  by 
specious  theories  and  imaginary  facts 
concerning  bodies  so  far  beyond  the 
cognizance  of  our  senses;  but,  in  the 
absence  of  demonstrative  evidence  to 
the  contrary,  let  us  believe  the  great  Au¬ 
thor  of  nature  to  be  consistent  with  him¬ 
self  in  all  his  works,  and  to  have  taken 
care  to  enable  the  most  humble  Sea¬ 
weed  to  be  multiplied  by  some  means 
as  certain  and  unchangeable  as  is  pro¬ 
vided  for  the  most  stately  lord  of  the 
forest.  We  may  rest  assured,  for  all 
philosophy,  and  all  observation,  and 
all  reason  prove  it,  that  there  is  no  such 
thing  in  nature  as  blind  chance  ;  but 
that  all  things  have  been  carefully  and 
wisely  designed  with  reference  to  the 
particular  circumstances  under  which 
they  exist. 
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Chapter  XVII. 

Of  Colours. 

There  certainly  is  no  point  of  either 
animal  or  vegetable  physiology  now  re¬ 
maining  to  be  explained  of  which  so 
little  is  really  known  as  the  cause  of  the 
various  and  varying  colours  with  which 
organic  matter  is  adorned.  We  see  in 
birds  the  plumage  marked  with  the 
strongest  contrasts  of  the  most  dissimi¬ 
lar  colours,  reproduced  with  an  exact¬ 
ness  which  is  most  wonderful ;  we  find 
the  breeders  of  curious  races  able  to 
preserve  peculiar  kinds  of  marking,  and 
even  to  improve  them,  with  the  most 
admirable  precision  ;  we  also  know  that 
in  plants,  without  any  visible  constitu¬ 
tional  change,  without  accident,  and 
without  any  known  predisposing  cause, 
a  yellow  flower  will  become  pink,  and 
a  pink  one  yellow  ;  and  we  know  that 
it  the  portion  of  the  stem  thus  altered 
be  multiplied  by  the  division  of  itself, 
the  change  is  fixed  and  may  be  multi¬ 
plied  for  ever.  A  dingy  brownish  pur¬ 
ple  tulip  will  suddenly,  and  without 
warning,  burst  forth  in  the  most  radiant 
beauty,  its  dull  disagreeable  colours  dis¬ 
persed,  a  pure  and  spotless  white  taking 
its  place  in  part,  and  the  brightest 
and  deepest,  streaks  of  crimson  adding 
richness  to  its  purity.  If  we  look  mi¬ 
nutely  to  these  circumstances,  we  shall 
find  that  each  particular  cell  has  its 
own  colour, — that  there  is  no  intermix¬ 
ture  of  tints,  but  that  whatever  the 
hues  may  be,  each  has  its  own  cluster 
of  cells  to  represent  it ;  and  even  in  the 
midst  of  a  large  mass  of  uniform  co¬ 
louring,  a  few  cells,  or  even  a  single 
one,  will  secrete  a  colouring  matter 
which  forms  the  strongest  contrast  with 
what  surrounds  it ;  as  in  the  Blood 
Red  Orange,  and  similar  cases.  To 
what  causes  all  these  extraordinary  cir¬ 
cumstances  are  to  be  ascribed  no  one 
knows.  As  yet  our  information  con¬ 
cerning  vegetable  colours  is  of  the 
vaguest  nature.  But  as  it  is  one  of  very 
great  interest,  and  particularly  deserv¬ 
ing  the  notice  of  the  philosophical 
botanist,  we  make  no  scruple  of  bor¬ 
rowing  from  De  Candolle  an  abstract 
of  what  is  at  present  known  or  conjec¬ 
tured  of  the  subject. 

We  are  so  accustomed,  he  remarks, 
to  see  plants  decorated  with  the  most 
brilliant  colours,  or  at  least  invested 
with  the  green  hue  which  characterizes 
every  scene,  that  it  is  not  without  diffi¬ 
culty  that  we  accustom  ourselves  to 
the  idea  that  such  colours  do  not  exist 


in  their  primitive  state,  but  are  com¬ 
municated,  as  it  were,  to  vegetation  by 
its  own  act ;  and  yet  this  is  the  exact 
truth.  The  tissue  of  plants  is  in  itself 
completely  colourless,  of  a  silvery  white, 
or  of  an  exceedingly  pale  yellow  ;  the 
matters  contained  in  the  cellules  are, 
with  a  few  exceptions,  of  the  same  hue ; 
but  all  is  changed  when  they  are  once 
exposed  to  solar  light. 

We  are  accustomed  to  say  that  green 
plants  become  white  in  total  darkness, 
because  the  phenomenon,  inaccurately 
observed,  is  usually  presented  to  us 
under  that  form :  but  the  truth  is,  that 
although  the  parts  of  plants  which 
originally  are  white  or  black  become 
more  or  less  coloured  when  exposed  to 
the  action  of  light,  yet  that  organs, 
once  coloured,  do  not  in  reality  lose 
their  colour  when  kept  in  darkness; 
if  they  sometimes  seem  to  do  so  it 
is  owing  to  this, — that  if  half-deve¬ 
loped  leaves  are  placed  in  the  dark, 
they  grow  larger,  and  the  green  matter 
which  coloured  them,  being  diluted  by 
water  and  spread  over  a  greater  space, 
appears  to  be  paler  without  being  itself 
less  coloured.  That  the  action  of  solar 
light  is,  in  reality,  the  grand  cause  of 
colour  in  plants  is  proved  by  leaves 
half  covered  from  light  and  half  ex¬ 
posed,  of  which  the  latter  become  green 
and  the  former  remains  colourless ; 
all  gradations  of  intensity  being  pro¬ 
duced  in  proportion  to  the  intensity  of 
light  to  which  the  parts  are  exposed. 

There  are  plants  which,  in  those  parts 
which  are  destined  to  become  green, 
have  spaces  that  preserve  their  original 
whiteness :  such  plants  we  call  varie¬ 
gated,  and  find  through  almost  all  the 
divisions  of  the  vegetable  kingdom.  In 
Exogens  the  blotches  are  for  the  most 
part  irregular  :  in  Endogens  they  are 
usually  arranged  in  bands  that  follow 
the  course  of  the  principal  veins.  In 
these  places  it  is  clear  that  chro- 
mule ,  or  colouring  matter,  is  either  not 
found  at  all  or  in  very  small  quantity, 
but  the  cause  of  the  deficiency  is  entirely 
unknown.  It  is,  however,  interesting 
to  remark,  that  variegations  of  this 
kind  are  best  preserved  in  sterile,  and 
are  soonest  lost  in  fertile  soii,  as  if  they 
were  in  reality  an  unhealthy  state  of  a 
plant,— a  supposition,  however,  which 
there  are  no  sufficient  grounds  other¬ 
wise  for  entertaining. 

We  have  already  seen  that  all  parts 
which  either  are  green  or  susceptible 
of  becoming  so,  decompose  the  carbonic 
gcid  of  the  sap  or  of  the  atmosphere 
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when  they  are  exposed  to  solar  light, 
that  they  part  with  the  oxygen,  and 
fix  the  carbon  in  their  own  tissue. 
Hence  it  was  natural  to  conclude  that 
this  operation  is  connected  with  the 
formation  of  a  green  colour.  In  fact, 
when  it  takes  place,  greenness  ensues  ; 
when  it  does  not  take  place,  the  organ 
which  developes  in  darkness,  preserves 
the  primitive  white  colour  of  the  tissue ; 
and  when  if  has  taken  effect  incom¬ 
pletely,  the  results  are  intermediate 
between  the  two  preceding  cases. 

The  deposition  of  carbon  thus  in¬ 
duced  does  not  act  upon  the  vegetable 
membrane  ;  that  is  always  of  its  origi¬ 
nal  pearly  lustre.  But  it  forms  a  pe¬ 
culiar  matter  called  green  chromule ; 
the  abundance  or  scantiness  of  which 
is  what  causes  the  different  tints  of 
leafy  surfaces.  The  action  of  the  mem¬ 
brane  produces  some  effect,  no  doubt, 
either  by  reason  of  its  own  pallid  hue, 
or  its  transparency  or  density,  or  of  the 
hairs  with  which  it  is  often  covered,  or 
of  the  air  which  it  contains,  or,  finally, 
of  the  waxy  matter  by  which  they  are 
protected.  But  how  does  it  happen 
that  carbon,  which  is  black,  is  capable 
of  producing  a  green  appearance  in 
vegetation  ?  The  old  physiologists  sup¬ 
posed  that  it  is  in  reality  an  intense 
blue,  and  not  a  black  ;  and  that,  shin¬ 
ing  through  the  yellow  sides  of  the 
cells,  the  combination  of  the  two  co¬ 
lours  produced  green.  This  notion, 
however,  is  disproved  by  the  most  casual 
inspection,  for  the  colouring  matter  may 
be  separated  from  the  tissue  with  the 
greatest  facility,  and  it  still  preserves 
its  colour ;  and,  besides,  the  yellow  of 
tissue,  if  any,  is  so  excessively  feeble  as 
to  be  wholly  insufficient  to  overcome 
the  blueness  of  the  carbon  if  it  were 
blue.  The  fact  is,  that  the  cause  of 
carbon  in  the  system  of  vegetation  being 
green  belongs  to  that  numerous  class 
of  facts,  of  which  no  explanation  can 
be  given  in  the  existing  state  of  human 
knowledge. 

Although  we  are  justified  by  the 
mass  of  evidence  in  asserting  that  the 
green  colour  of  plants  is  owing  to  the 
fixation  of  carbon  in  their  tissue,  in 
consequence  of  the  power,  that  light 
possesses  of  decomposing  their  carbonic 
acid,  yet  there  are  some  exceptions  that 
deserve  attention.  Humboldt  found 
Poa  annua  and  compressa,  Plantago 
lanceolata.  Trifolium  arvense.  Wall¬ 
flower,  and  the  Rhizomorpha  verticillata 
green  in  the  subterranean  galleries  of 


the  mines  of  Freyberg,  although  born 
in  total  darkness,  but  in  atmosphere 
highly  charged  either  with  hydrogen  or 
nitrogen.  Ferns  and  Mosses,  again, 
will  be  green  when  other  plants  are 
blanched;  and  Humboldt  found  near 
the  Canaries  a  Fucus  which  was  bright 
grass-green,  although  it  had  grown  at 
the  depth  of  from  25  to  32  fathoms  (190 
feet.)  Now,  as  light,  according  to  the 
experiments  of  Bouguer,  after  travers¬ 
ing  180  feet  is  weakened  in  the  propor¬ 
tion  of  1  to  1477-8,  this  Fucus  must 
have  been  illuminated  when  growing 
by  a  power  203  times  less  than  that  of 
a  candle  at  a  foot  distance.  Are  we  to 
suppose  that  this  feeble  degree  of  il¬ 
lumination  was  sufficient  to  decompose 
the  carbonic  acid  of  such  a  plant,  or 
was  not  the  decomposition  ratherowing 
to  the  operation  of  some  unknown 
cause  ? 

Leaves,  which,  as  we  very  well  know, 
are  usually  green,  may  assume  different 
colours  in  special  cases.  It  is  common 
to  see  in  the  autumn  this  green  change 
to  yellow,  as  in  the  Lombardy  Poplar, 
&c. ;  or  to  red,  as  in  the  Barberry,  the 
Sumach,  the  Virginian  creeper,  and 
many  kinds  of  Oaks.  It  has  been  as¬ 
certained  by  Macaire  that  in  such  cases 
the  leaf,  shortly  before  this  change 
takes  place,  ceases  to  exhale  oxygen 
in  sun-light  without  ceasing  to  absorb 
it  at  night ;  whence  he  infers  that  the 
chromule  is  oxydized,  which  at  first 
brings  on  a  yellow  and  afterwards  a 
red  colour,  for  the  most  decided  red  al¬ 
ways  begins  by  a  change  to  yellow.  It 
is  remarked  that  red  colours  are  most 
common  in  leaves  which  contain  some 
kind  of  acid,  as  the  Vine,  the  Pear,  the 
Viburnum,  the  Sorrel,  &c.  The  red 
colouring  matter  obtained  from  leaves 
forms  infusions  which,  like  those  from 
flowers,  become  more  intense  when 
acted  upon  by  acids.  Yellow  leaves 
act  in  this  manner  like  yellow  flowers. 
It  is  supposed  by  some,  that  while  red 
is  owing  to  the  development  of  acid, 
other  colours  may  be  ascribed  to  the 
presence  of  an  alkali.  This  is  however 
far  from  proved. 

The  same  colours  which  mark  leaves 
in  the  autumn  may  also  be  produced 
by  certain  accidents.  Thus  the  punc¬ 
ture  of  an  insect,  the  attacks  of  para¬ 
sitical  fungi,  or  injury  from  early  frosts, 
produce  partially  or  entirely  yellow  or 
red  colours ;  and  what  is  remarkable, 
the  colours  thus  accidentally  assumed 
are  the  same  as  the  plant  would  have 
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taken  of  itself  in  the  autumn:  thus 
accidents  turn  the  leaves  of  the  Poplar 
and  the  Lilac  yellow,  of  the  Sumach  or 
the  Pear  tree  red,  as  they  become  in 
the  autumn. 

Certain  leaves  offer  naturally  on  one 
or  both  their  surfaces  marks  coloured 
in  a  particular  manner,  from  the  mo¬ 
ment  when  they  first  unfold.  T radescan- 
tia  discolor,  and  several  Begonias  have 
their  under  surface  red  ;  certain  Arums 
are  irregularly  blotched  with  red  ;  there 
are  species  of  Amaranth  which,  in  an 
apparently  healthy  and  natural  state, 
have  leaves  banded  with  both  yellow 
and  red.  Macaire  has  determined 
that  the  red  chromule  of  leaves  which 
are  thus  discoloured  is  chemically  the 
same  as  that  produced  in  the  autumn. 
It  is  worthy  of  note,  that  in  regular 
and  natural  colourations  red  is  very 
common,  and  yellow  comparatively 
rare,  although  one  would  have  thought 
that  the  latter,  caused,  as  it  seems  to 
be,  by  a  slighter  kind  of  change  than 
red,  would  have  been  the  most  com¬ 
mon.  Blue  seems  altogether  excluded 
from  changes  of  the  leaves,  except  in 
the  case  of  certain  Eryngoes. 

In  many  plants,  the  leaves  which 
grow  in  the  vicinity  of  flowers  are  ac¬ 
customed  to  offer  various  tints,  which 
are  almost  uniformly  in  unison  with 
the  colours  of  the  flowers  they  accom 
pany ;  such  floral  leaves  or  bracts  are 
yellow  in  many  Euphorbias,  scarlet  in 
Sages,  violet  in  Clary,  and  blue  in  parti¬ 
cular  states  of  the  Hydrangea.  Macaire 
assures  us  that  the  chromule  of  the 
bracts  of  Salvia  splendens  presents 
the  same  chemical  characters  as  that 
of  leaves  which  turn  red  in  autumn. 
Such  bracts  appear  coloured  because 
the  chromule  deposited  in  their  cells 
varies  in  its  degree  of  oxygenation, 
and  such  variations  appear  to  be  in 
distinct  relation  with  the  flowers.  The 
same  observations  apply  to  many 
calyxes. 

Why  then  should  it  be  different  with 
petals  and  the  petal-like  parts  of  a 
flower  ?  These  organs  are  in  truth 
nothing  but  modified  leaves  ;  they  are 
capable  in  particular  cases,  such  as 
Hesperis  Matronalis,  of  transforming 
themselves  into  genuine  leaves,  green 
and  capable  of  exhaling  oxygen.  Can 
there  be  any  the  smallest  reasonable 
doubt  that  these  leafy  petals  contain 
in  their  cellules  a  chromule  analogous 
to  that  of  leaves,  and  consequently 
that  when  they  are  coloured  they  owe 


their  colouring  to  a  modification  of 
chromule  ? 

It  is  therefore  probable  that  all  the 
various  colours  of  flowers,  with  the 
exception  of  certain  special  cases  de¬ 
termined  by  the  presence  of  some  free 
alkali  or  acid,  depend  in  general  upon 
the  various  degrees  of  oxygenation  of 
their  chromule ;  and  that  this  theory 
ought  to  extend  to  fruits  and  bracts 
where  those  organs  participate  in  the 
same  colours. 

With  regard  to  the  exact  relation 
that  colours  really  Dear  to  one  another 
and  to  the  causes  that  are  supposed  to 
influence  them,  a  memoir  upon  the 
colours  of  flowers,  published  at  Tubin¬ 
gen,  in  1825,  by  Messrs.  Schubler  and 
Funk,  is  deserving  of  especial  atten¬ 
tion.  From  their  account  it  appears 
that  flowers  may  be  divided  into  two 
great  series — those  having  yellow  for 
their  type,  and  which  are  capable  of 
passing  into  red  or  white,  but  never 
into  blue;  and  those  of  which  blue 
is  the  type,  which  can  pass  into  red  or 
white,  but  never  yellow.  The  first  of 
these  series  is  called  by  these  observers 
oxydized,  and  the  second  disoxydized, 
and  they  consider  greenness  as  a  state 
of  equilibrium  between  the  two  series. 
De  Candolle  calls  the  first  series 
xanthic,  and  the  last  cyanic.  Upon 
this  principle  they  admit  the  following 
scale,  leaving  white  out  of  considera¬ 
tion  :  — 

Red 

Orange  red 
Orange 

Orange  yellow 
Yellow 
Yellow  green 
Green 

Greenish  blue 
Blue 

Violet  blue 
Violet 
Violet  red 
Red 

Which  may  be  otherwise  expressed 
thus — 

Green 

^  -a  ( Greenish-blue 
S  £  »  Blue 
b  >vc  l  Violet-blue 

?.o  S  1  Violet 
O  9>  I 

=5  t  Violet-red 

Red 

It  will  be  at  once  remarked,  in  con¬ 
sidering  these  tables,  that  almost  all 
flowers  susceptible  of  changing  colour 
only  do  it  in  general  by  rising  or  de¬ 
scending  in  the  series  to  which  they 


Oxydized  or 
Xanthic  series. 


Colour  of  leaves. 


,  Disoxydized  or 
Cyanic  series. 


Yellow-green  t  ~o 
Yellow  1 .2  .g 
Orange-yell.  >■£ 
Orange  I X  °  “ 
Orange-red  J  o 
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belong.  Thus  in  the  xanthic  series,  the 
flowers  of  Marvel  of  Peru  may  be  yel¬ 
low,  orange-yellow,  or  red ;  those  of 
the  Austrian  Rose,  orange  yellow  or 
orange-red;  those  of  the  Nasturtium 
vary  from  yellow  to  orange  and  orange- 
red  ;  those  of  the  garden  Ranunculus 
pass  through  every  gradation  in  the 
series,  from  red  to  green.  As  to  the 
cyanic  series,  the  Anemone  varies  from 
blue  to  violet  and  red ,  the  Hyacinth 
from  green  to  red  through  all  the  gra¬ 
dations  ;  the  Lithospermum  purpuro- 
coeruleum  from  blue  to  violet-red  ;  and 
the  China-aster  from  violet-blue  to  vio¬ 
let,  violet-red,  and  red. 

Although  there  are  certain  excep¬ 
tions  to  these  rules,  particularly  in  the 
Hyacinths,  some  of  whose  varieties  ap¬ 
proach  the  xanthic  series,  yet  they  are 
so  far  conformable  to  nature  as  to  help 
us  either  in  searching  for  the  causes  of 
colours,  or  in  predicting  the  possible 
varieties  of  colour  in  flowers  of  the 
same  species  and  sometimes  of  the 
same  genus. 

To  the  xanthic  series  belong  all,  or 
nearly  all,  the  species  of  Cactus,  Fig- 
Marigold,  Aloe,  Cytisus,  Wood  sorrel, 
Rose,  Mullein,  Potentilla,  (Enothera, 
Ranunculus,  Adonis,  Tulip,  &c. ;  to 
the  cyanic  series  those  of  Campanula, 
Phlox,  Epilobium,  Hyacinth,  Gera 
nium,  Anagallis,  Globularia,  &c.  Hence 
we  may  assume  that  there  is  in  general 
a  relation  between  the  colours  of  flowers 
and  generic  classification — an  hypothe¬ 
sis  which  may  be  the  more  readily  ad¬ 
mitted  when  it  is  considered  that  some 
apparent  exceptions  to  the  cases  just 
quoted  in  reality  confirm  the  rule :  as 
for  instance,  in  the  Campanula  aurea, 
whose  flowers  are  deep  yellow,  in  a 
series  otherwise  cyanic :  it  is  now 
known  that  this  plant  constitutes  in 
reality  a  genus  essentially  different 
from  Campanula,  and  called  Musschia ; 
and  so  with  others. 

It  will  have  been  remarked  that 
white  is  omitted  from  these  two  series. 
It  may  be  doubted,  indeed,  whether  it 
really  exists  in  a  state  of  purity  in 
flowers,  and  it  seems  to  be  rather  some 
other  colour  reduced  to  an  exceedingly 
light  tint.  Redoute,  the  French  flower- 
painter,  is  said  to  have  availed  himself 
with  great  advantage  of  this  fact.  He 
always  placed  the  flower  he  wished  to 
represent  before  a  sheet  of  paper  like 
that  on  which  he  had  made  his  draw¬ 
ing,  and  he  uniformly  found  that  the 
flower  would  differ  from  the  paper  in 


being  more  yellow,  or  more  pink,  or 
more  blue,  or  in  some  other  way. 
White  Campanulas  become  blue  when 
they  are  dried ;  infusions  of  white 
flowers  in  alcohol  have  always  a  per¬ 
ceptible  tinge.  Flowers  which  are 
white  verging  upon  yellow,  yield  in¬ 
fusions  which  alkalies  bring  to  a  more 
decided  yellow  or  a  more  positive 
brown ;  infusions  of  those  which  are 
white,  tending  to  blue  or  red,  become 
light  red  by  the  action  of  acids,  and 
greenish  by  the  action  of  alkalies. 

It  is  probable  that  whiteness,  or  that 
kind  of  paleness  which  constitutes 
white,  is  owing  to  the  chromule  not 
being  completely  elaborated.  This 
may  be  inferred,  1.  from  the  analogy 
between  this  colour  and  blanched 
plants  ;  2.  from  the  much  greater  num¬ 
ber  of  white  flowers  in  northern  than 
in  equatorial  regions ;  and  3.  from  a 
considerable  number  of  flowers  which 
are  born  white,  acquiring  some  other 
colour  before  they  die,  if  exposed  to 
solar  light.  Thus  the  Cheiranthus 
Chamaeleo  has  a  flower  at  first  of  a 
whitish  colour,  which  afterwards  be¬ 
comes  lemon-yellow,  then  red,  slightly 
violet.  Stylidium  fruticosum  has  its 
young  petals  pale  yellow,  its  old  ones 
white  tinged  with  red.  The  flowers  of 
CEnothera  tetraptera  are  at  first  whitish, 
afterwards  pink,  and  finally  red.  The 
petals  of  the  common  Tamarind  are 
said  to  be  white  the  first  day,  and  yel¬ 
low  the  second.  The  corolla  of  Cobaea 
scandens  is  greenish-white  the  first 
day,  and  violet  the  next.  Finally, 
Hibiscus  mutabilis  unfolds  its  blos¬ 
soms  in  the  morning  white,  by  noon 
they  are  pink,  and  red  at  night.  These 
changes  are  constant  in  the  W  est  I  ndies ; 
but  .M.  Ramon  de  la  Sagra  observed 
that  on  the  19th  of  October,  1828,  the 
flowers  of  this  plant  remained  white  all 
day  in  the  garden  at  the  Havannah,  and 
did  not  become  pink  till  noon  (he  next 
day.  Now  this  19th  of  October  was  re¬ 
markable  for  the  centigrade  thermome¬ 
ter  not  rising  higher  than  19°,  while  the 
ordinary  temperature  of  the  flowering 
season  of  the  Hibiscus  is  30°  centigr. ; 
so  that  it  would  seem  that  heat  has 
some  important  connexion  with  the  de¬ 
velopment  of  colour ;  and  this  notion  is 
in  accordance  with  the  fact  already 
mentioned,  that  white  flowers  are  most 
common  in  cold  countries. 

Black  is  omitted  in  the  two  series  of 
colours  ;  it  appears  to  be,  in  all  cases, 
an  excessively  dark  state  of  brown, 
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produced  from  a  yellow  base,  or  from  a 
deep  red ;  and  is  of  too  rare  an  occur¬ 
rence  to  be  deserving  much  considera¬ 
tion  while  so  much  remains  to  ascertain 
concerning  commoner  colours. 

In  red,  there  is  this  remarkable  fact, 
that  it  belongs  to  both  series ;  and  if 
the  theory  of  oxydation  should  be 
confirmed,  it  will  appear  to  result  from 
both  the  maximum  and  minimum  of 
oxygenation.  We  may  remark  indeed 
that  the  various  tints  of  red  flowers 
differ  much  more  from  each  other,  than 
those  of  any  other  colour.  Those  which 
become  red  through  the  xanthic  series 
have  usually  a  more  brilliant,  richer, 
and  more  scarlet  hue ;  while  such  as 
reach  it  through  the  cyanic  series  have 
a  decidedly  violet  tinge.  Rose,  which 
is  nothing  but  diffused  red,  may  belong 
to  both  series  ;  thus  the  rose  colour  of 
the  Hydrangea  evidently  tends  to  blue, 
while  that  of  the  Rose  itself  appears  to 
derive  its  origin  from  yellow.  An  infu¬ 
sion  of  red  flowers  in  alcohol  takes  a 
tinge  more  or  less  red ;  add  a  little 
acid,  and  this  colour  immediately  deep¬ 
ens  ;  sometimes,  as  in  the  Pelargonium, 
it  passes  to  orange.  Alkalies  produce 
the  most  variable  results  in  different 
plants. 

An  examination  of  the  two  most 
irreconcileable  colours,  yellow  and  blue, 
points  out  some  characters  which  are 
sufficiently  well  marked. 

Infusions  of  yellow  flowers  in  alcohol 
are  of  a  clear  yellow,  without  the 
flowers  losing  much  colour.  Acids 
produce  no  other  effect  in  these  infu¬ 
sions  than  to  weaken  their  colour 
slightly.  Alkalis  make  them  more  bril¬ 
liant  or  browner. 

Blue  flowers  produce,  in  alcohol,  in¬ 
fusions  either  of  a  clear  blue,  as  those  of 
flax,  or  very  dark,  as  in  the  case  of  the 
Aconite  and  the  Larkspur.  By  the 
addition  of  acids  they  become  red,  and 
of  alkalies  green.  Those  which  are 
coloured  red  by  acids  will  not  recover 
their  blueness  by  the  addition  of  alka¬ 
lies,  as  sometimes  happens  to  infusions 
of  red  flowers.  Macaire  having  seen  a 
red  infusion  of  violets  regain  by  de¬ 
grees  the  natural  blue  of  those  flowers, 
by  the  addition  of  a  vegetable  alkali, 
such  as  quinine  or  strychnine,  suspects 
that  the  colour  of  the  violet  depends 
upon  the  combination  of  their  chro- 
mule  with  some  alkali.  Schubler  and 
Funk  assure  us  that  the  infusion  of  the 
Blue  Day  Lily  (Funkia  coerulea),  treated 
with  an  acid,  will  present  in  the  same 


glass  all  the  tints  of  the  coloured  spec¬ 
trum.  Blues  are  among  the  most 
changeable  colours  in  vegetation,  pass¬ 
ing  freely  to  white,  and  to  different 
tints  of  violet  and  red. 

From  what  has  now  been  stated,  it 
appears  to  result  that  modifications 
of  chromule  are  the  cause  of  the  diver¬ 
sity  of  colours ;  and  that  these  mo¬ 
difications  depend  principally  upon 
the  degree  of  oxygenation.  In  leaves 
fully  developed  the  chromule  is  green  ; 
it  gains  a  tendency  to  yellow  or  red 
when  it  is  more  oxydized,  as  one  per¬ 
ceives  by  the  changes  of  the  colour  of 
leaves  in  autumn  by  the  effect  of  acids ; 
and  it  appears  to  verge  to  blue  when  it 
is  less  oxydized,  or,  which  comes  to  the 
same  thing,  more  carbonated :  thus  we 
know  that  the  flower  of  the  Hydrangea 
becomes  blue  in  a  soil  sufficiently  im¬ 
pregnated  with  carbonate  of  iron. 

All  the  brilliant  spectacle  of  veget¬ 
able  colours  tends  to  disappear  either  in 
consequence  of  accidents  or  upon  the 
approach  of  death ;  and  what  renders 
this  subject  the  more  curious  is  that, 
1.  discolouration  is  often  determined 
by  the  same  agents  as,  in  other  cases, 
produce  colour;  and  2.  that  certain 
organs  which  have  no  colour  while 
alive  gain  when  dead  a  very  decided 
tint. 

Solar  light  seems  to  be  the  most 
usual  cause  of  those  losses  or  changes 
of  colours.  While  plants  are  alive,  it 
acts,  as  we  have  so  frequently  seen,  by 
colouring  them;  but  in  certain  cases 
its  too  powerful  action  discolours  them. 
Thus  the  cultivators  of  Tulips  place 
their  flowers  under  a  tent,  knowing 
very  well  that  the  direct  action  of  the 
sun  tends  to  alter  their  colours  more 
promptly  than  would  be  the  case  in 
the  shade.  A  great  number  of  deli¬ 
cate  flowers,  particularly  of  those  be¬ 
longing  to  the  cyanic  series,  exhibit 
this  phenomenon. 

Most  aquatic  plants  gain  in  death  a 
whitish  hue  ;  this  is  particularly  re¬ 
marked  in  Sea-weeds,  which,  from  the 
most  brilliant  blue  or  green,  pass  to 
white  when  they  die,  an  effect  which 
seems  to  be  augmented  when  they  are 
exposed  to  air  and  light ;  but  the 
exact  mode  of  action  of  these  several 
agents  has  not  been  appreciated. 
Fresh- water  confervae  and  several  aqua¬ 
tic  herbs  present  the  same  system  of 
discoloration.  Air  evidently  produces 
its  effect  by  altering  their  chromule, 
probably  by  abstracting  its  carbon; 
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for  such  is  the  ordinary  effect  of  the 
air  upon  dead  vegetable  matter.  Oha¬ 
ras,  in  particular,  when  dried  in  the  air 
become  quite  white ;  this  tint  is  no 
doubt  to  be  ascribed  to  the  alteration 
of  their  chromule,  but  in  all  probability 
also  to  the  enormous  quantity  of  cal¬ 
careous  matter  that  those  plants,  while 
alive,  fix  in  their  tissue;  other  cases  of 
a  like  nature  may  be  easily  named. 
The  straw-coloured  hue  of  the  green 
parts  in  a  great  number  of  dead  vege¬ 
tables  after  death  depends,  on  the  one 
hand,  upon  the  oxygenation  of  their 
chromule,  and  on  the  other  on  the  de¬ 
carbonization  determined  after  death 
by  the  action  of  the  oxygen  of  the  air. 

Most  leaves  when  they  die  are  in¬ 
vested  with  a  uniform  russet  colour; 
it  has  some  analogy  with  what  happens 
in  bletted  fruits,  such  as  the  Medlar. 
Such  a  state  of  the  leaf  may  very  well 
be  owing  in  leaves,  as  well  as  in  fruits, 
to  an  alteration  in  their  principles  ana¬ 
logous  to  putrefaction  or  fermentation. 
It  is  always  accompanied  with  a  great 
loss  of  water;  but  we  have  no  direct 
evidence  as  to  the  nature  of  this  change. 

Chapter  XVIII. 

Of  Odours. 

Not  less  curious  nor  less  difficult  to 
reduce  to  any  intelligible  laws  is  the 
subject  of  Vegetable  Odours.  Our 
senses  are  daily  gratified  by  the  sweet 
perfumes  exhaled  by  the  leaves  and 
flowers  that  surround  us ;  and  art  ex¬ 
hausts  its  skill  to  preserve  them  by 
means  which  enable  us  always  to  have 
them  present  for  our  use ;  but  as  to  the 
reasons  why  one  kind  of  flower  is  odo¬ 
riferous,  and  another  scentless,  we  are 
still  more  in  the  dark  than  in  what  re¬ 
lates  to  colour.  Here,  therefore,  we 
shall  confine  ourselves  very  much  to  a 
mere  statement  of  facts,  introducing 
theory  only  in  cases  which  may  appear 
to  be  pretty  well  understood.  For  this 
purpose  we  again  avail  ourselves  of 
many  of  the  materials  collected  by  De 
Candolle  in  his  invaluable  Vegetable 
Physiology.’ 

All  odours  are  owing  to  the  disen¬ 
gagement  of  volatile  matter,  and  as 
there  are  few  organized  bodies  in  which, 
in  their  natural  state,  there  is  not  some 
volatile  constituent  part,  so  neither  are 
there  many  organic  bodies  absolutely 
destitute  of  smell.  But  it  is  only  to 
cases  in  which  the  scent  is  very  percep¬ 
tible  to  our  senses  that  we  apply  the 


idea  of  odoriferous,  and  it  is  conse¬ 
quently  to  those  that  we  here  confine 
ourselves;  dividing  them  into  pmwa- 
nent,  fugitive,  and  intermittent. 

Those  odours  are  the  most  permanent 
in  which  the  volatile  matter  is  so  in* 
closed  in  cells  and  concentrated  as  to 
disperse  slowly.  Of  this  many  instances 
are  afforded  by  wood  and  bark,  which 
being  in  truth  the  only  permanent  parts 
of  vegetation,  will  of  necessity  be  the 
receptacle  of  durable  odours ;  such 
parts  are  not  scented,  because  of  their 
own  proper  nature,  for  all  the  tissue  of 
plants  is  originally  scentless,  or  nearly 
so,  but  they  owe  their  property  to  the 
fragrant  secretions  imprisoned  in  their 
cavities,  and  the  permanence  of  their 
odour  will  be  proportioned  to  the  diffi¬ 
culty  the  volatile  parts  of  their  secre¬ 
tions  experience  in  escaping  through 
the  tissue  which  incloses  them,  as  well 
as  to  the  degree  in  which  the  volatile 
matter  may  be  fixed.  Thus  resinous 
woods,  such  as  Cedar  and  Cypress,  are 
fragrant  for  an  indefinite  period,  be¬ 
cause  the  resinous  matter  in  which 
their  odour  resides  is  parted  with  slowly. 
Parts,  whose  scent  resides  in  essential 
oil,  preserve  their  scent  for  a  long  time, 
where  the  essential  oil  is  but  slightly 
volatile,  or  the  wood  is  thick  and  hard: 
thus  the  Rose-wood  of  Teneriffe  (not 
the  Rose-wood  of  the  English  cabinet¬ 
makers),  produced  by  Convolvulus  sco- 
parius,  preserves  its  odour  a  very  long 
time ;  and  in  order  to  elicit  it,  it  is  ne¬ 
cessary  to  rub  the  wood  strongly,  so  as 
to  produce  heat  enough  to  volatilize  the 
matter  which  is  locked  up  in  the  very 
compact  tissue  of  which  that  plant  con¬ 
sists.  The  necessity  of  producing  a 
little  heat,  in  order  to  produce  an  exha¬ 
lation  of  the  volatile  matter,  is  further 
exemplified  by  the  fragrance  emitted 
by  many  woods,  otherwise  scentless, 
when  exposed  to  the  violent  friction  of 
a  turner’s  lathe:  Beech  is  said  to  ac¬ 
quire,  under  such  circumstances,  the 
smell  of  Roses.  But  when,  on  the 
other  hand,  the  volatile  matter  is  in¬ 
closed  in  wood  of  a  loose  text  ure,  neither 
is  heat  required  to  elicit  it,  nor  has  the 
wood,  if  exposed  to  the  air,  the  power 
of  retaining  it  for  any  considerable 
time,  for  the  oxygen  of  the  atmosphere 
will  seize  upon  it  rapidly,  and  quickly 
leave  nothing  behind  but  the.  inodorous 
tissue :  this  happens  to  Cassia  and 
Cinnamon. 

Fugitive  smells  are  those  which,  be¬ 
longing  to  perishable  organs,  are  either 
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extremely  perishable  in  their  very  na¬ 
ture,  or  are  placed  in  tissue  of  the  lax- 
est  kind,  or  are  situated  on  the  surface 
of  plants  where  their  volatile  parts  are 
continually  abstracted  by  the  atmos¬ 
phere,  or  finally  are  secreted  in  quan¬ 
tities  so  small  that  a  short  exposure  to 
air  suffices  to  dissipate  them.  All  these 
odours  are  produced  only  during  the  life 
of  a  plant  ;  they  are  dispersed  as  they 
are  formed,  and  after  death  leave  no 
trace  of  their  existence  behind  them. 
Like  permanent  odours  these  are  con¬ 
tinually  given  off,  and  in  some  plants, 
as  the  Orange  and  the  Violet,  without 
any  variation  in  intensity  in  different 
states  of  the  atmosphere ;  but  in  the 
majority  of  cases  the  power  of  the  smell 
will  vary  according  to  the  elevation  of 
temperature,  and  the  dampness  of  the 
air.  This  fact  must  be  familiar  to  all  who 
are  acquainted  with  gardens.  In  the 
hot,  dry  weather  of  a  summer’s  noon, 
flowers  either  become  scentless,  or  at 
least  lose  a  large  proportion  of  their 
usual  fragrance ;  and  in  walkingthrough 
a  wilderness  of  the  most  sweet-smelling 
plants,  we  find  little  sign  of  their  odour, 
unless  they  are  bruised  or  trampled 
upon.  But  if  a  heavy  shower  should  come 
on,  all  will  be  changed  in  an  hour’s  time ; 
every  leaf,  every  flower,  will  emit  its  pe¬ 
culiar  odour ;  the  Musk  plant  ( Mimulus 
moschatus)  will  fill  the  air  with  its  sin¬ 
gular  scent,  and  it  will  be  obvious  that 
the  addition  of  moisture  to  the  air  has 
produced  a  total  change  in  the  action  of 
the  odoriferous  organs  of  plants. 

The  same  phenomenon  is  daily  re¬ 
peated  in  the  driest  days  of  autumn. 
Those  only  who  are  accustomed  to 
take  their  early  walks  abroad  can  have 
any  idea  of  the  difference  between  a 
richly-stored  garden  early  in  the  morn¬ 
ing  and  at  noon.  When  the  sun  has 
dried  the  air,  and  has  been  beating  for 
some  time  upon  vegetation,  ill  able  to 
bear  his  action  in  consequence  of  the 
dryness  of  the  source  from  which  they 
draw  their  means  of  compensating  for 
evaporation,  however  beautiful  a  gar¬ 
den  may  still  remain,  it  cannot  be  com¬ 
pared  to  the  same  place  before  the  dew 
has  dispersed — when  every  herb,  tree, 
and  flower  is  pouring  forth  a  stream  of 
the  most  varied  and  delicious  fra¬ 
grance — when  the  air  is  impregnated 
with  the  most  delicate  balsamic  odours 
— and  when  all  nature  seems  as  if  of¬ 
fering  up  incense  in  gratitude  for  the 
refreshing  powers  of  darkness  and  of 
dew.  Let  any  one,  for  example,  visit  a 


thicket  of  Cistuses  at  noon,  and  again 
the  next  morning,  and  the  difference 
will  be  exceedingly  apparent.  To 
what  cause  this  is  owing  is  unknown  ; 
possibly  the  effect  of  dryness  and  ex¬ 
cessive  heat  may  be  to  close  the 
stomates,  and  to  contract  the  tissue  oi 
plants,  thus  rendering  it  difficult  for 
volatile  matter  to  pass  through  their 
cuticle :  it  may  also  act  by  depriving 
them  of  the  necessary  proportion  of 
water  required  to  enable  them  to  per¬ 
form  their  functions  of  secretion  and 
assimilation,  and  thus  arrest  for  a  time 
the  elaboration  of  the’  fugitive  prin¬ 
ciples  upon  which  fragrance  depends. 
While,  however,  dew  and  showers,  with 
intervals  of  bright  light,  are  eminently 
favourable  to  the  eliciting  of  vegetable 
perfumes,  a  continuance  of  wet  and 
gloomy  weather,  without  much  sun¬ 
shine,  is  as  greatly  unfavourable.  This 
latter  circumstance  is  explicable  upon 
the  general  law  of  physiology,  that  se¬ 
cretions  cannot  be  readily  produced 
without  the  direct  assistance  of  the 
sun’s  light. 

With  regard  to  what  we  call  inter¬ 
mittent  odours,  no  explanation  seems 
possible  in  the  present  state  of  our 
knowledge.  A  few  examples  of  them 
will  therefore  be  all  that  we  can  give. 
All  dingy-flowered  plants,  such  as  bota¬ 
nists  call  tristes,  belong  to  this  class ; 
such  as  the  Pelargonium  triste,  Hespe- 
ris  tristis,  Gladiolus  tristis,  which  are 
almost  entirely  scentless  during  the 
day,  but  become  deliciously  fragrant  at 
night.  Great  numbers  of  Orchideous 
plants  have  flowers  possessing  the  same 
property;  the  Catasetums  have  a  fine 
aromatic  odour  at  night,  none  in  the 
day,  except  C.  purum :  Cymbidium  Si- 
nense  is  also  chiefly  fragrant  at  night; 
and  so  w'ith  a  great  many  more.  Oes¬ 
trum  nocturnum  is  another  plant  of 
the  same  nature ;  in  the  day  it  has  no 
odour,  at  night  its  perfume  is  extremely 
powerful.  One  of  the  most  singular  in¬ 
stances  of  exceptions  to  all  rules  appears 
to  be  referable  to  this  class:  Cacalia 
septentrionalis  exhales  an  aromatic 
odour  if  exposed  to  the  direct  rays  of 
the  sun,  and  if  anything  is  interposed 
between  it  and  the  sun  its  odour  dis¬ 
appears,  but  is  renewed  as  soon  as  the 
interference  is  removed. 

Agreeable  as  vegetable  odours  usually 
are  to  our  senses,  there  are  some  strik¬ 
ing  exceptions.  Many  Stapelias,  the 
Arum  dracunculus,  and  several  other 
species  of  the  same  genus,  whose 


BOTANY. 


127 


flowers  are  of  a  deep  livid  colour,  have 
a  smell  so  completely  that  of  putrid 
meat,  that  flies  actually  deposit  their 
eggs  in  them  by  mistake  ;  Arum  trifi- 
dum  has  an  abominable  stercoraceous 
odour ;  and  the  pollen  of  the  Sweet 
Chestnut  and  the  Barberry  has  a  pe¬ 
culiarly  disagreeable  smell.  Even  the 
most  delicate  kinds  of  fragrance  when 
concentrated  prove  disagreeable,  and 
in  many  cases,  in  their  simple  state, 
act  powerfully  upon  the  nerves  ;  even 
oil  of  Roses  highly  concentrated  can 
scarcely  be  supported,  and  every  one 
knows  that  a  perfumer’s  shop,,  although 
the  receptacle  of  the  sweetest  essences, 
is  by  no  means  an  agreeable  place. 
The  spasmodic  affections  produced  by 
the  odours  of  flowers  are  more  com¬ 
mon  than  is  generally  supposed,  but 
vary  in  different  individuals  according 
to  their  respective  powers  of  endurance. 
Some  of  the  most  remarkable  cases  are 
the  following  : — The  Jonquil  and  the 
Tuberose  are  insupportable  by  persons 
of  delicate  nerves ;  few  can  bear  the 
fragrance  of  the  Lilac,  especially  in  a 
room  ;  even  Violets,  the  last  flowers  to 
be  suspected,  have  in  many  cases  proved 
deleterious ;  De  Candolle  says  he  has 
witnessed  many  ladies  faint  from  car¬ 
rying  too  many  of  them  on  their  per¬ 
sons,  or  from  having  placed  them  too 
near  them  when  asleep.  It  is  asserted 


that  people  have  died  from  being  shut 
up  in  a  room  in  which  the  Oleander 
was  in  flower ;  hysterics  have  been 
brought  on  by  the  Musk  Mallow  ;  Saf 
fron  has  been  known  to  produce  swoon¬ 
ing  ;  and  the  flowers  of  Lobelia  longi- 
flora  have  caused  suffocation.  The 
odours  of  other  organs  ma’y  also  produce 
inconvenient  consequences :  the  Elder, 
the  Walnut,  and  the  Anagyris  bring  on 
headache  in  persons  who  sleep  beneath 
their  shade ;  and  the  Manchineel  tree 
is  said  to  have  proved  fatal  to  travellers 
who  have  trusted  to  its  shelter. 


Vague  and  unsatisfactory  as  all  these 
details  must  be  admitted"  to  be,  they 
are  so  connected  with  one  of  the  most 
curious  inquiries  in  either  the  vegetable 
or  animal  kingdom,  that  we  think  we 
cannot  have  done  otherwise  than  ren¬ 
der  good  service  to  our  readers  by  let¬ 
ting  them  form  a  part  of  this  treatise, 
especially  as  they  are  scarcely  to  be 
found  adverted  to  in  our  English 
elementary  works  ;  and  we  close  what 
relates  to  the  physiology  of  plants,  by 
strongly  recommending  the  investiga¬ 
tion  of  the  subject  to  all  those  whose 
tastes,  leisure,  and  attainments  may 
lead  them  to  occupy  themselves  with 
one  of  the  richest  fields  of  inquiry 
which  yet  remain  in  Nature  to  be  ex¬ 
plored. 
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Part  III.*— Systematic  Botany. 

Chapter  I. 

Of  the  General  Nature  of  the  Plan  that 

is  followed  in  classifying  Objects. 

When  an  observer  first  sets  himself  to 
examine  the  various  plants  with  which 
the  earth  is  clothed,  he  finds  his  atten¬ 
tion  forcibly  arrested  by  their  great 
diversity  of  structure,  and  by  the  seem¬ 
ingly  endless  variations  under  which 
nature  presents  herself  in  a  vegetable 
form.  The  first  meadow  that  he  enters 
will  bring  befone  him  a  crowd  of  indi¬ 
viduals,  which,  although  at  first  sight 
all  so  similar  that  they  might  be  looked 
upon  as  one  large  assemblage  of  the 
same  form  of  vegetable  matter,  yet, 
upon  a  more  exact  inspection,  prove 
to  consist  of  endless  variations  of 
structure:  some  will  be  found  to  have 
netted,  others  striated  leaves  ;  some  to 
bear  their  heads  erect  in  the  form  of 
green  scaly  cones,  while  others  bring 
forth  gaily  coloured  cups,  and  another 
set,  without  either  cones  or  cups,  creep 
along  the  ground,  and  seem  as  it  were 
to  form  a  carpet  for  the  floor  of  that 
vast  enclosure  in  which  so  many 
millions  of  vegetable  beings  are  assem¬ 
bled.  Upon  a  yet  nearer  inspection, 
it  is  found  that  this  mass  of  individuals, 
confused  as  it  seems,  may  be  abstracted 
into  groups  that  agree  with  each  other 
in  every  petty  detail  of  structure;  and 
that  the  scene  consists  of  nothing  but 
such  groups  excessively  intermixed  ; 
these  groups  are  Species.  As  soon  as  the 
mindhasthusassortedthespecies,  it  be¬ 
comes  evident  that  there  are  groups 
among  them  also,  having  certain  other 
attributes  in  common  by  which  they 
differ  from  one  another ;  tnese  are  again 
mentallyassorted,  and  form  abstractions 
of  a  higher  order  called  Genera.  If  the 
field  is  extensive  enough,  genera  will 
themselves  next  be  put  into  groups 
distinguished  in  the  mind  of  the  ob¬ 
server  by  some  other  qualities  that  they 
possess  in  common,  and  Orders  are  the 
result.  And  thus,  by  a  series  of  ab¬ 
stractions  of  different  degrees,  in  each 
of  which  the  “  distinguishing  peculiari¬ 
ties  are  lost  sight  of,  and  attention  is 
limited  to  those  attributes  which  be¬ 
long  to  the  individuals  in  common,”  a 
classification  of  some  kind  or  other  is 
arrived  at.  If,  in  such  a  supposed  case, 

*  Descriptive  Botany,  which  it  was  originally  in¬ 
tended  should  form  the  third  part  of  this  Treatise, 
will  occupy  the  fourth  part. 


the  observer  should  judge  among  the 
individuals  correctly  of  ail  the  points  of 
agreement  or  disagreement  that  really 
exist  between  them,  and  should  have 
placed  them  in  his  mind  near  or  dis¬ 
tant  according  to  the  nearness  of  their 
agreement,  or  the  greatness  of  the 
sum  of  their  differences,  be  will  have 
formed  a  natural  classification  ;  that  is 
to  say,  a  classification  in  which  those 
individuals  will  stand  nearest  each 
other  that  are  most  alike,  and  those 
be  stationed  farthest  apart  which  are 
least  alike.  If,  on  the  other  hand,  he 
should  have  erred  in  this  respect,  and 
have  abstracted  the  individuals  accord¬ 
ing  to  certain  single  characters,  and  not 
according  to  the  sum  of  them,  he  would 
have  formed  an  artificial  classification. 

But  as,  in  either  case,  be  would,  in  the 
first  instance,  have  abstracted  the  indi¬ 
viduals  according  to  what  would  have 
appeared  to  him  their  identity,  and  so 
assorted  the  whole  into  species,  and  as 
he  could  hardly  commit  any  consider¬ 
able  errors  in  that  respect,  seeing  that 
no  great  doubt  would  be  likely  to  arise 
as  to  what  constitutes  identity.it  would 
follow  that  species  would  form  the 
basis  of  his  classification,  whether  na¬ 
tural  or  artificial. 

This  is  precisely  the  course  that  is 
taken  by  Botanists  in  assorting  the  vast 
mass  of  individuals  with  which  the 
face  of  the  earth  is  beautified ;  they 
first  combine  the  individuals  into  spe¬ 
cies,  next  arrange  the  species  in  ge¬ 
nera,  then  collect  the  genera  into 
orders  ;  and  thus,  by  successively  losing 
sight  of  differences,  and  confining  their 
attention  to  points  of  agreement,  they 
finally  reduce  the  whole  to  a  regular 
classification. 

It  is  obvious,  however,  that  this  kind 
of  progress  must  be  arbitrary  and  un¬ 
certain  in  the  highest  degree,  unless 
some  rules  are  laid  down  for  determin¬ 
ing  what  is  to  be  considered  the  rela¬ 
tive  value  of  the  differences  that  must 
be  employed  in  classification  ;  and  such 
anecessity  has  given  rise  to  that  depart¬ 
ment  of  the  science  on  which  we  are 
now  to  treat,  in  which  undoubtedly 
there  is,  from  the  very  nature  of  the 
subject ,  much  that  is  vague,  but  in  which 
there  also  is  much  that  is  well  deserv¬ 
ing  the  attention  of  the  philosopher. 

Under  any  circumstances  it  is  de¬ 
sirable,  that  in  instituting  an  inquiry 
to  be  conducted  by  numerous  inde¬ 
pendent  observers,  certain  rules  should 
be  agreed  upon,  and  certain  prin- 
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ciples  settled  as  the  basis  of  their  in¬ 
vestigation,  otherwise,  however  limited 
the  field  of  observation  may  be,  there 
is  a  danger  of  the  results  being  attend¬ 
ed  by  such  discrepancies  as  will  viti¬ 
ate  and  render  useless  all  the  labour 
that  may  be  expended.  That  it  is 
more  especially  important  for  this  to 
be  done  in  Botany,  is  manifest,  if  we 
consider  how  very  numerous  are  the 
species  that  constitute  this  vast  section 
of  the  animated  world ;  how  endless  are 
the  varieties  of  their  structure  ;  how 
liable  they  are,  from  their  very  nature,  to 
shift  and  change  their  appearance,  ac¬ 
cording  as  they  are  influenced  by  this  or 
that  combination  of  external  influences. 

What  numberofspeciesof  plants  may 
really  exist  upon  the  earth  will  possibly 
never  be  known.  At  present  there  is 
no  means  of  forming  even  an  approxi¬ 
mative'  estimate,  so  little  has  been 
effected  in  the  examination  of  a  large 
portion  of  the  globe,  and  so  imperfectly 
are  we  acquainted  with  the  results  of 
the  examination  that  has  been  hitherto 
made. 

Professor  Lindley  estimated  them  in 
1835  at  about  86,000,  but  this  is  pro¬ 
bably  much  too  low,  and  it  seems  that 
we  should  be  justified  in  carrying  the 
number  up  to  100,000.  Meyen  raises 
the  number  to  200,000  ( PJlanzen  Geo¬ 
graphic,  p.  5). 

Chapter  IT. 

Of  Species  and  Varieties. 

According  to  Jussieu  and  others,  a 
species  is  a  combination  of  individuals 
alike  ( semblables )  in  all  their  parts. 
De  Candolle  makes  it  “  a  collection 
of  all  the  individuals  which  resemble 
each  other  more  than  they  resemble 
anything  else ;  which  can  by  mutual 
fecundation  produce  fertile  individuals  ; 
ana  which  re-produce  themselves,  by 
generation,  in  such  a  manner  that  we 
may  from  analogy  suppose  them  all 
sprung  originally  from  one  single  indi¬ 
vidual.”  “The  first  unity  after  indi¬ 
viduality  “  a  systematic  combina¬ 
tion  of  homogeneous  individuals — “  a 
collection  of  individuals  which  will 
breed  together,  and  produce  fertile 
offspring,”  are  other  definitions.  In 
order  to  understand  these  rightly,  and 
to  see  how  they  apply,  it  is  necessary 
to  separate  the  definitions  into  two 
parts,  the  one  comprehending  the 
structural,  the  other  the  physiological 
characters  assigned  to  a  species. 

So  far  as  these  definitions  depend 


upon  structure,  they  seem  to  amount  to 
this,  that  all  individuals  which  are 
identical,  constitute  in  the  aggregate  a 
species.  It  is  therefore  necessary  to 
inquire  what  is  here  meant  by  the  term 
“  identity.”  It  is  manifest  that  it  is 
not  employed  in  its  strictest  sense ;  for 
there  probably  never  was  even  one  pair 
of  plants  of  the  very  same  size,  form,  or 
colour,  in  all  respects :  the  word  must 
therefore  be  taken  to  bear  a  more  ex¬ 
tensive  application. 

All  plants  are  considered  botanically 
identical  in  which  the  structure  nearly 
corresponds.  For  example,  if  one  indi¬ 
vidual  has  leaves  two  inches  long,  and 
another,  those  parts  three  inches  long, 
the  two  would,  nevertheless,  be  con¬ 
sidered  identical,  provided  they  corre¬ 
sponded  in  all  other  respects;  nor  is  it 
here  that  the  identity  contemplated  in 
the  previous  definitions  can  be  said  to 
stop.  If  one  plant  has  white  flowers  and 
pale  green  leaves,  while  another  has 
blue  flowers  and  dark  green  leaves,  but 
are  otherwise  the  same,  they  would  still 
be  considered  identical :  or  the  word 
may  be  applied  yet  more  widely  ;  for 
suppose  one  fruit-tree  bore  small  round 
sweet  apples,  red  flowers,  and  shining 
leaves,  and  another  bore  large  angular 
acid  apples,  white  flowers,  and  opaque 
leaves,  nevertheless,  and  notwithstand¬ 
ing  these  differences,  the  two  would 
come  within  1  he ideaofidentity,provided 
their  differences  went  no  farther.  The 
reason  of  such  a  latitude  being  given 
to  the  application  of  the  term  is,  that 
in  plants  many  external  characters  are 
of  a  fleeting  and  transitory  nature,  as  is 
known  by  experience,  and  such  tran¬ 
sitory  characters  are  not  taken  into 
account  in  comparing  two  individuals. 
Of  that  nature  are,  in  general,  colour, 
taste,  size,  and,  sometimes,  even  form. 
The  seed  of  a  plant  with  white  flowers 
may  produce  an  individual  with  blue 
ones;  or  the  seed  of  an  acid  fruit  may 
give  birth  to  a  plant  bearing  sweet  fruit. 
These  are  facts  ascertained  by  experi¬ 
ence,  and  therefore  all  such  peculiari¬ 
ties  are  in  general  estimated  as  unim¬ 
portant  in  determining  the  collection 
of  individuals  into  species. 

Botanical  identity  must  hence  be  un¬ 
derstood  as  meaning  a  correspondence 
in  all  permanent  characters.  The  ap¬ 
plication  of  this  rule  depends  entirely 
upon  the  knowledge  and  judgment  of 
the  botanist,  and  is  unfortunately  liable 
to  much  uncertainty,  from  a  variety  of 
causes,  depending  upon  the  specific 
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peculiarities  of  different  plants.  What 
is  permanent  in  one  species  is  transi¬ 
tory  in  another;  and  what  is  transitory 
in  one  is  permanent  in  another,  for  no 
known  cause.  For  example,  the  colour 
of  the  flowers  is  liable  to  variation,  and 
consequently  unimportant  in  Campa¬ 
nula.  Pyrus,  Hyacinthus,  and  others; 
but  it  appears  permanent  in  the  genus 
Mesembryanthemum.  The  presence 
or  absence  of  hairs  is  of  no  permanency 
in  Rosa,  Pyrus,  Rubus,  &c.,  and  yet  it 
is  generally  found  a  distinction  of  value 
in  other  plants.  The  form  of  the  fruit 
is  notoriously  variable  in  Pyrus,  Cu- 
cumis,  Prunus,  and  others;  but  in 
Carex,  Mitrasacme,  &c.  it  is  found 
constant.  The  leaves  too,  which  in 
their  form  are  uncertain  in  Eucalyptus, 
Dahlia,  Pyrus,  and  some  few  genera, 
often  afford  excellent  discriminative 
marks.  For  these  reasons  it  is  per¬ 
haps  impossible  to  decide  with  certainty 
what  is  a  species  upon  structural 
differences  alone. 

The  physiological  definition  of  a 
species  is,  that  all  the  individuals  that 
belong  to  it  will  breed  together  and  pro¬ 
duce  successors  having  the  same  power 
of  reproduction  by  seed.  This  idea  has 
evidently  been  derived  from  the  animal 
kingdom,  in  which,  among  the  higher 
orders  of  animals  at  least,  it  seems  liable 
to  no  exception.  In  plants  it  is  exposed 
to  two  objections  ;  firstly,  it  is  inappli¬ 
cable  to  by  far  the  largest  part  of  the 
vegetable  kingdom,  for  we  possess  no 
means  of  ascertaining  whether  species 
will  breed  together  or  not,  except  in  the 
case  of  the  few  that  are  immediately 
within  our  reach  in  a  wild  or  cultivated 
state;  and  secondly.it  implies  that  no  in¬ 
dividuals  will  so  breed  together,  except 
those  which  belong  to  the  same  species, 
a  statement  of  which  we  possess  no 
means  of  ascertaining  the  truth,  and 
which  seems  opposed  to  experiment. 
It  would  hardly  be  doubted,  that  the 
wild  wood  Strawberry  of  Europe  is 
distinct  as  a  species  from  the  American 
kind,  Fra  sari  a  Virginiana,  for  they  are 
different  in  their  foliage,  in  their  flowers, 
in  their  fruit,  and  in  all  their  habits, 
yet  they  certainly  will  breed  together 
and  produce  fertile  offspring ;  and  nu¬ 
merous  similar  cases  of  Pelargonia, 
Gladioli,  &c.,  are  upon  record.  It  may, 
however,  be  alleged  that  all  the  well 
ascertained  cases  of  this  kind  are  really 
instances  of  the  intermixture  of  strongly 
marked  varieties  of  the  same  species; 
that  the  wild  wood  Strawberry  of 


Europe  is  not  more  different  from  the 
American  than  a  Shetland  pony  from  an 
Arabian  horse ;  and  that  moreover,  as 
it  is  certain  that  the  definition  applies 
to  many  species  that  are  distinct  beyond 
all  dispute,  as  the  Apple  and  the  Pear, 
the  Gooseberry  and  the  Currant,  it  is 
probable  that  it  applies  in  other  cases 
as  well. 

Be  this  as  it  may,  it  is  at  least  certain 
that  the  physiological  definition  of  a 
species  is  merely  theoretical,  and  that  the 
only  one  which  is  applicable  to  practical 
purposes  is  that  which  is  derived  from 
organic  identity,  as  above  explained. 
But  it  has  already  been  shown,  that 
it  is  impossible  to  determine  what  is  a 
species  upon  structural  differences  alone, 
and  hence  it  may  seem  impossible  to 
decide  the  question  by  any  certain  rule 
whatever.  And  that  is  the  truth;  let 
botanists  explain,  and  define  arid  refine 
as  much  as  they  will,  they  are  driven 
at  last  to  admit  that  whatever  theoreti¬ 
cal  limits  may  be  assigned  to  a  species, 
there  are  none  of  a  positive  kind;  but 
that  the  determination  of  the  point 
must  after  all  be  left  to  the  experience 
and  judgment  of  the  observer. 

The  rules  that  are  to  be  attended  to 
in  forming  a  judgment  in  this  matter 
may  be  stated  thus :  species  are  not 
usually  distinguished  by  differences  in 
the  internal  organization  of  individuals, 
or  in  the  plan  upon  which  their  exter¬ 
nal  parts  are  combined, — those  circum¬ 
stances  are  not  taken  into  account  till 
genera  and  the  higher  assortments  of 
species  come  to  be  formed ;  but  upon 
differences  of  a  superficial  and  exter¬ 
nal  kind,  or  such  as  are  independent  of 
internal  organization. 

The  cause  of  the  same  species  vary¬ 
ing  in  regard  to  such  points  as  these 
has  been  well  stated  by  De  Candolle. 
“  Let  us  suppose,  what  really  happens, 
that  the  seeds  of  plants  are  scattered  at 
hazard  over  the  surface  of  the  earth, 
or,  to  speak  more  correctly,  by  causes 
that  have  no  necessary  connexion  with 
the  existence  of  those  plants ;  such  seeds 
will  find  themselves  in  an  infinite  va¬ 
riety  of  situations ;  some  which  have 
fallen  in  soil  that  is  too  tenacious  or 
too  loose,  too  dry  or  too  wet,  too  hot  or 
too  cold,  do  not  grow  and  are  soon  de¬ 
stroyed.  But  between  these  extremes, 
some  will  succeed,  although  it  may  be 
under  very  different  circumstances. 
Thus,  for  instance,  if  the  place  is  not 
light  enough,  the  plant  will  be  half 
blanched,  as  will  be  indicated  by  its 
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paleness  and  feebleness,  or  by  being 
spotted,  or  by  the  diminution  or  even 
loss  of  its  hairs ;  if  the  light  is  too 
bright  the  plant  will  be  stronger, 
dwarfer,  more  deeply  coloured,  harder, 
and  more  velvety  than  usual.  Tem¬ 
perature  also  exercises  some  influence, 
though  in  a  less  degree ;  in  a  cold 
climate  the  same  plants  are  smaller 
and  weaker  than  ordinary  ;  the  colour 
of  the  flowers  and  fruits  is  paler,  the 
wood  worse  ripened,  their  leaves  more 
deciduous,  their  fruit  often  abortive,  and 
the  sap  destined  to  nourish  it,  throwing 
itself  into  the  neighbouring  parts,  some¬ 
times  changes  their  appearance.  In  a 
hot  climate  plants  become  larger,  pro¬ 
duce  more  wood,  and  their  leaves 
have  brighter  colours,  and  a  higher 
flavour.  In  the  same  climate  humidity 
causes  the  appearance  of  differences 
without  end ;  plants  that  grow  in  water 
lose  all  their  hairs,  their  leaves  become 
divided  into  capillary  segments  so  as 
to  look  like  hairy  roots ;  their  stems 
and  flower  stalks  lengthen  to  reach  the 
surface  of  the  water  ;  and  these  differ¬ 
ent  effects  are  still  further  variable  as 
the  water  is  still  or  agitated,  clear  or 
turbid,  pure  or  mixed  with  heteroge¬ 
neous  substances  ;  the  varieties  of  Ra¬ 
nunculus  aquatilis  offer  a  remarkable 
example  of  this.  If,  on  the  other  hand, 
a  plant  accustomed  to  water  is  found 
to  live  in  a  drier  soil,  it  becomes  covered 
with  hairs,  remains  smaller  than  usual, 
and  acquires  greater  hardness.  In  air 
rarified  like  that  of  mountains,  plants 
are  generally  found  smaller  and  more 
stunted  than  usual,  while  their  flowers 
are  larger  than  upon  the  plains.  The 
influence  of  soil  is  not  less  manifest ; 
if  it  is  tenacious,  the  roots,  which  pene¬ 
trate  it  with  difficulty,  remain  small, 
hard,  and  clustered ;  if  it  is  very  sandy, 
the  roots  become  large,  fleshy,  and  fully 
formed ;  if  it  contains  a  great  quantity 
of  carbon,  the  colours  of  the  flower  are 
often  altered,  as  those  of  the  Hydrangea 
into  blue,  and  of  the  Pink  into  violet ; 
if  it  is  charged'with  salt,  or  if  the  plant 
is  within  the  reach  of  salt,  even  brought 
through  the  atmosphere,  we  usually 
find  the  leaves  more  fleshy  and  more 
glaucous,  as  in  Lotus  corniculatus. 
All  these  different  circumstances,  com¬ 
bined  with  each  other  in  nature,  are 
fertile  causes  of  varieties,  which  are  still 
further  multiplied  by  cultivation.” 

To  these  causes  of  variation  has  to 
be  added  an  inherent  tendency  in  cer¬ 
tain  species  to  throw  off  one  peculiarity, 


and  to  assume  another  as  often  as  they 
are  propagated  by  seed.  Experience  is 
the  only  guide  to  the  discovery  of  such 
variations,  and  herein  much  of  the  ad¬ 
vantage  of  a  practised  over  an  unprac¬ 
tised  botanist  consists ;  for  the  latter 
knows  that  certain  peculiarities  are  not 
permanent,  not  as  a  point  of  theory, 
but  as  a  matter  of  fact,  independent  of 
all  theory.  He  knows,  for  instance, 
that  if  the  seeds  of  the  Anemone  coro- 
naria  with  white  flowers  are  sown,  they 
will  produce  individuals  with  flowers  of 
many  other  colours ;  that  if  Purple  Beech 
seeds  are  sown,  they  will  form  plants 
with  green,  pale  purple,  and  deep 
purple  leaves;  or  that  whenever  a  bed 
of  seedling  plants  of  any  long  cultivated 
species  is  examined,  a  number  of  dis¬ 
crepancies  will  occur  among  them, 
either  in  their  flowers  or  their  leaves, 
or  some  other  part. 

The  particulars  upon  which  species 
are  usually  distinguished  are: — 1.  Dura¬ 
tion;  2.  Dimension;  3.  Surface;'  4. 
Form;  5.  Division;  C.  Numerical  Pro¬ 
portion  ;  7.  Colour.  We  will  consider 
the  value  of  each  of  these  separately. 

Duration  comprehends  three  spaces 
of  time  only,  namely  duration  for  a 
period  defined  by  the  production  of 
flowers  and  fruit,  after  which  the  in¬ 
dividual  perishes:  these  are  annuals; 
duration  of  the  roots  for  an  indefinite 
period,  the  stems  flowering  and  fruiting, 
and  perishing  annually:  these  are  per¬ 
ennials  or  herbaceous  plants ;  and  dura¬ 
tion  of  both  roots  and  stems  for  an  in¬ 
definite  period,  the  latter  not  perishing 
alter  the  maturation  of  the  fruit,  but 
becoming  woody  and  giving  birth  to 
new  stems  (branches) :  these  are  shrubs 
and  trees.  It  may  be  taken  as  an  uni¬ 
versal  rule,  that  individuals  differing 
in  points  of  this  kind  are  specifically 
distinct.  It  is  not  indeed  probable, 
that  differences  of  so  important  a  kind 
as  these,  which  are  inherent  in  the  very 
nature  of  the  individuals,  and  which 
could  not  be  altered  without  an  altera¬ 
tion  in  their  whole  physiological  con¬ 
dition,  should  be  of  a  transitory  kind  ; 
it  is  almost  certain  that  the  very  few 
cases  in  books  where  a  plant  is  said  to 
be  annual  in  one  of  its  varieties  and 
perennial  in  another,  are  mere  instances 
of  botanical  errors.  There  is  no  proof 
to  the  contrary  of  this  in  the  common 
Mignonette,  which  is  annual  in  Eng¬ 
land,  and  a  kind  of  undershrub  on  the 
coast  of  the.Mediterranean,  nor  in  other 
such  cases;  for  the  Mignonette  and 
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plants  of  a  similar  kind  arc  not  in  reality, 
when  in  our  gardens,  at  all  different 
constitutionally  from  the  wild  species, 
but  they  are  incapable  of  enduring  the 
cold  and  wet  of  winter;  and  hence,  as 
they  produce  their  flowers  and  fruit 
in  a  few  months,  they  are  only  treated 
as  annuals  in  such  countries  as  Eng¬ 
land  ;  if  they  are  kept  in  a  greenhouse 
they  preserve  all  their  native  habits 
unaltered,  and  become  small  under¬ 
shrubs. 

Dimension  is  rarely  of  importance 
even  in  extreme  cases  ;  a  plant  only  a 
lew  inches  high  in  a  poor  dry  soil  may 
become  very  much  larger  in  a  damp 
rich  soil;  tire  effect  of  cultivation  is  to 
increase  the  dimensions  of  plants  in  all 
their  parts,  or  sometimes  even  to  dimi¬ 
nish  them,  as  is  the  case  in  the  nume¬ 
rous  dwarf  varieties  of  common  species, 
found  in  every  garden.  We  have 
Dahlias  reduced  in  stature  by  dwarfing 
from  six  feet  to  two  feet ;  Dianthus  bar- 
batus  from  eighteen  inches  to  three 
inches,  and  even  Spruce  Firs,  in  the  case 
of  the  Clanbrasil  Fir,  reduced  from  tim¬ 
ber  trees  to  a  pigmy  bush.  And  a  simi¬ 
lar  result  occurs  from  climate  :  it  is  well 
known  that  many  of  the  trees  of  plains 
become  more  and  more  dwarf  as  they 
ascend  mountains,  till  at  length  they 
become  mere  underwood,  and  the  same 
thing  is  true  of  herbaceous  plants 
and  annuals.  It  sometimes,  however, 
happens  that  differences,  not  in  gene¬ 
ral  dimensions,  but  in  those  of  particu¬ 
lar  parts,  become  of  specific  importance, 
as,  for  example,  in  the  case  of  two  in¬ 
dividuals  resembling  each  other  in  most 
respects  and  growing  in  different  soils, 
of  which  that  growing  in  damp  rich 
soil  bears  small  flowers,  and  the  other 
in  dry  sterile  soil  bears  large  flowers. 
Distinctions  of  even  this  sort  are,  how¬ 
ever,  to  be  distrusted  under  any  circum¬ 
stances  ;  for  the  usual  size  of  flowers 
may  either  be  increased  by  a  portion  of 
them  being  destroyed  when  the  nutri¬ 
ment  intended  for  many  is  directed  to 
the  support  of  one,  or  diminished  by  the 
production  of  many  more  flowers  than 
usual,  when  each  flower  has  but  a 
sparing  supply  of  food. 

The  surface  of  individuals  is  some¬ 
times  remarkably  dissimilar,  the  differ¬ 
ence  arising  from  several  distinct 
causes,  of  unequal  value  in  judging  of 
identity.  Surface  is  sometimes  what  is 
technically  called  rugose,  in  conse¬ 
quence  of  the  parenchyma  between 
veins  being  convex.  This  is  an  inva¬ 


riable  character  if  contrasted  with 
smoothness, — that  is,  a  flatness  of  the 
parenchyma;  but  it  is  apt  to  run  into  a 
greater  degree  of  convexity  when  leaves 
become  crisp,  or  bull  ate.  It  will  be 
found,  upon  examination,  that  all  such 
leaves  are  variations  of  a  rugose  surface ; 
Mentha  crispa,  for  example.  In  like 
manner,  if  an  individual  is  marked  by 
having  its  veins  projecting  above  the 
parenchyma,  it  is  never  referable  to  a 
species  whose  veins  are  level  with  the 
parenchyma.  Some  plants  have  their 
surface  so  smooth  as  to  seem  polished  : 
this  is  a  constant  character;  and  of  the 
same  value  is  the  presence  of  asperities 
in  the  form  of  tubercles,  or  hard-based 
hairs,  originating  below  the  parenchy¬ 
ma.  These,  as  well  as  glandular  hairs, 
secreting  something  at  their  points,  are 
indications  of  constitutional  peculiari¬ 
ties,  which  the  species  never  loses  or 
alters,  under  whatever  circumstances  it 
may  be  placed.  Thus,  in  the  difficult 
genera,  Rosa  and  Rubus,  those  indivi¬ 
duals  in  which  secreting  or  glandu¬ 
lar  hairs  exist,  are  apparently  referable 
to  species  essentially  distinct  from 
those  in  which  no  such  hairs  exist. 
Far  otherwise  is  it  with  common  lym¬ 
phatic  hairs,  which,  as  has  already 
been  shown,  may  appear  in  greater  or 
less  abundance  upon  the  very  same  in¬ 
dividual,  according  to  the  different  cir¬ 
cumstances  in  which  it  is  placed. 

In  the  common  Dog  Rose  (R.  canina) 
we  have  leaves  entirely  destitute  of 
hairs;  other  individuals  with  a  few 
hairs  on  the  midrib ;  others  with  them 
spread  over  the  w'hole  lower  surface ; 
then  again  they  overrun  the  upper  sur¬ 
face,  and  thus  produce  diversities  of 
appearance  which  have  led  to  the  crea¬ 
tion  of  many  spurious  species.  It  may 
be  considered  a  certain  rule,  that  in  all 
cases  differences  in  the  degree  of  hairi¬ 
ness  of  individuals  are  unimportant  if 
unaccompanied  by  further  differences 
in  other  respects ;  nevertheless,  the 
terms  denoting  the  presence,  or  ab¬ 
sence,  or  quantity  of  lymphatic  hairs, 
are  in  constant  use  among  the  best 
systematists;  because,  as  the  appear¬ 
ances  produced  by  them  are  of  a  very 
obvious  kind,  they  are  convenient  indi¬ 
cations  of  distinction  when  combined 
with  other  circumstances.  These  ob¬ 
servations  apply  chiefly  to  leaves ; 
hairiness  of  the  stem  is  far  more  con¬ 
stant  ;  and  where  hairs  of  any  kind  ap¬ 
pear  upon  parts  that  are  usually  desti¬ 
tute  of  them,  as,  for  instance,  the  co- 
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volla,  the  stamens,  or  the  ovary,  such 
circumstances  are  usually  a  permanent 
indication  of  species.  It  has  also  been 
thought  that  the  direction  in  which 
lymphatic  hairs  point,  may  be  taken  as 
a  good  specific  character;  and  this  has 
been  applied  to  the  genera  Myosotis  and 
others,  but  it  is  doubtful  whether  this 
is  right*.  The  presence  or  absence  of 
prickles,  which  are  a  form  of  hairs,  is 
apparently  of  certain  value  in  extreme 
cases,  or  in  comparing  wild  plants  with 
each  other;  but  its  value  is  much  di¬ 
minished  when  wild  and  cultivated  in¬ 
dividuals  are  objects  of  comparison; 
for  it  not  unfrequently  occurs  that 
prickly  species  become  unarmed  when 
introduced  into  gardens,  as  has  hap¬ 
pened  to  Rosa  alba,  in  a  very  prickly 
genus.  The  surface  of  a  plant  is  some¬ 
times  covered  with  a  slight  waxy  glau¬ 
cous  secretion  constituting  bloom.  A 
good  deal  of  value  is  attached  by  Bo¬ 
tanists  to  this  mark  when  it  appears, 
and  it  often  proves  of  much  use  in  de¬ 
termining  doubtful  points;  as,  forex- 
ample,  in  defining  the  limits  between 
Aster  cyaneus  and  A.  rubricaulis. 

The  form  of  different  parts  is  often 
one  of  the  most  delusive  characters, 
although  in  many  cases  it  seems  to  be  of 
value.  De  Candolle  well  observes,  that 
as  to  the  general  forms  of  organs,  “  they 
are  only  of  importance  as  they  are  the 
consequence  of  anatomical  differences  ; 
that  is  to  say,  of  the  arrangement  of 
the  veins.  The  form  of  a  leaf  may  vary 
within  tolerably  wide  limits,  without  any 
material  change  in  the  arrangement 
of  its  veins.”  In  fact,  nothing  is  more 
common  than  striking  differences  in 
the  form  of  the  foliaceous  organs  in  the 
same  species.  The  gardens  are  filled 
with  narrow-leaved,  broad-leaved,  long¬ 
leaved  varieties,  well  known  to  have  been 
raised  from  the  seed  of  species  in  which 
the  leaves  are  altogether  different.  The 
entire-leaved  Ash,  a  most  remarkable 
tree,  is  a  striking  instance  of  this.  Ils 
leaves  are  ovate,  and  simply  serrated. 
The  common  Ash  has  pinnated  leaves, 
and  yet  there  seems  no  doubt  that  the 
seeds  of  the  entire-leaved  Ash  will 
produce  the  common  pinnated  state  of 
the  species,  and  that  consequently  the 
former  is  a  mere  accidental  variety  of 
the  latter.  In  general,  however,  differ¬ 
ences  in  the  form  of  the  organs  of  fruc¬ 
tification,  provided  they  are  well  marked, 

*  De  Candolle  states  that  the  form  of  hairs  is  in 
general  very  constant  in  a  species,  but  it  forms  a 
character  that  is  hardly  ever  attendedt 


are  constant,  except  in  the  case  of 
succulent  fruits,  the  form  of  which  is 
very  changeable  and  uncertain. 

Characters,  derived  from  differences 
in  the  degree  of  division  of  organs,  are 
to  be  distinguished  into  two  classes: 
1.  those  which  depend  upon  mere  la¬ 
cerations  of  the  parenchyma  of  the 
same  organ ;  and  2.  those  which  arise 
from  the  non-adherence  of  contiguous 
organs.  To  the  first  class  belong  all 
toothings,  or  lacerations  of  the  margin 
of  leaves,  petals,  &c. ;  and  these,  in 
the  leaf  at  least,  are  seldom  of  any 
consequence,  provided  they  are  merely 
different  in  degree.  For  instance,  the 
common  Alder  ( Alnus  glutinosa)  usu¬ 
ally  has  leaves  with  a  mere  serrated 
margin,  but  sometimes  they  are  pin- 
natifid,  or  almost  pinnated;  and  this 
is  a  common  circumstance.  Hence, 
the  numbers  of  cut-leaved,  fern-leaved, 
and  similar  varieties  of  plants,  common 
in  gardens.  It  is  less  usual  for  leaves 
which  are  quite  entire  to  separate  into 
divisions,  but  even  this  occurs  in  the 
Symphoria  raeemosa ,  the  young  vi¬ 
gorous  shoots  of  which  are  sometimes 
covered  with  deeply  sinuated  leaves, 
while  those  of  the  remainder  of  the 
bush  have  not  a  trace  of  division.  Lace¬ 
rations  of  the  margin  of  petals  are 
usually  constant,  as  between  fringed 
and  fringeless  cases ;  but  if  there  is  any 
laceration  at  all,  mere  differences  in 
degree  are  to  be  distrusted.  The  second 
class  of  differences  includes  all  the 
modifications  of  division  observable  in 
the  calyx,  or  corolla,  &c.,  and  generally 
these  are  very  uniform  in  all  indivi¬ 
duals  of  the  same  species. 

Numerical  proportion  has  been  well 
disposed  of  by  one  of  the  most  learned 
of  modern  botanical  writers.  “  Differ¬ 
ences,”  saysDe  Candolle,  “in  the  num¬ 
ber  of  parts  demand  the  most  serious 
attention  on  the  part  of  the  naturalist, 
either  because  their  importance  has 
been  often  exaggerated,  or  because  this 
importance  is  sometimes  very  great, 
and  sometimes  very  small.  In  the 
midst  of  such  anomalies,  let  us  attempt 
to  reduce  it  to  its  just  value.  General 
differences  in  the  number  of  stems, 
branches,  leaves,  or  flowers,  have 
scarcely  ever  any  importance,  unless 
in  extreme  cases,  or  as  between  unity 
and  some  high  number,  or  when  special 
observation  has  shown  that  certain 
numbers  are  constant.  Thus  the  num¬ 
ber  of  leaves  or  flowers  in  a  whorl  may 
vary  by  1,  2,  or  3  above  or  below  the 
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customary  number ;  but.  the  greater  the 
difference  becomes,  the  more  attention 
must  be  paid  not  to  confound  different 
things.  On  the  other  hand,  there  are 
certain  plants  in  which  certain  num¬ 
bers  appear  constant ;  thus  Convallaria 
bifolia  has  constantly  two  leaves,  Tril¬ 
lium  sessile,  three,  Paris  quadrifolia, 
almost  always  four,  &c. ;  Tulipa  Gesne- 
riana  bears  but  one  flower  on  a  stalk, 
Lonicera  Xylosteum  always  two  ;  Cyli- 
sus  triflorus  usually  three,  Litsea 
tetranthus  four,  and  so  on.  With  respect 
to  1  his,  we  ought  to  take  as  a  general 
rule,  in  objects  of  number  in  Botany, 
that  the  number  of  organs  or  of  parts 
is  most  subject  to  variation,  the  greater 
it  is.  Although  we  know  of  many  ex¬ 
ceptions  to  this  rule,  it  is  nevertheless 
sufficiently  constant  to  serve  as  a  guide 
in  practice.  The  absolute  number  of 
the  parts  of  flowers  and  fruits  comes 
within  the  preceding  observations,  but 
nevertheless  deserves  more  confidence 
than  that  of  other  organs ;  it  is  rare 
for  differences  in  these  pai'ts  to  exceed 
one  plus  or  minus,  and  therefore  care 
should  be  taken  to  determine  their 
number  with  precision.  We  must  more¬ 
over  be  on  our  guard  against  natural 
adhesions  and  •  accidental  abortions, 
which  in  certain  cases  may  mask  the 
real  number.  But  number  becomes  a 
character  of  high  importance,  when 
such  changes,  instead  of  being  absolute, 
are  relative;  that  a  plant  with  four 
petals  and  four  stamens  should  take 
five  petals  and  five  stamens,  is  common 
enough  in  the  same  species;  but  if,  pre¬ 
serving  the  four  petals.it  should  change 
the  number  of  stamens,  we  then  obtain 
an  important  character,  provided  always 
that  we  are  not  deceived  by  accidental 
adhesions  and  abortions.” 

With  regard  to  Colour,  it  is  probably 
of  all  the  differences  by  which  indivi¬ 
duals.  are  distinguished  from  each  other, 
the  least  important ;  and  as  a  general 
rule  it  is  to  be  left  out  of  consideration. 
Nevertheless  there  is  one  point  of  view 
under  which  it  becomes  a  less  falla¬ 
cious  guide.  From  some  unknown 
cause,  the  tendency  of  particular  colours 
is  to  change  in'certain  directions,  but 
not  in  others ;  as  for  example,  blue  into 
red  or  white,  but  not  into  yellow  ;  and 
yellow  into  green  or  scarlet,  or  brown, 
but  not  into  blue.  (See  page  122,  &c.) 
When  therefore  we  have  to  compare 
two  individuals,  much  alike  in  other 
respects,  but  the  one  with  yellow  flowers 
and  the  other  with  blue,  the  probability 


is  that  Ihey  are  two  distinct  species. 
There  are  moreover  certain  genera  in 
which  colour  seems  fixed  in  particular 
species,  as  in  Mesembryanthemum, 
and  Aconitum. 

Odour,  taste,  and  similar  qualities, 
are  by  themselves  of  no  moment  what¬ 
ever  ;  they  are  owing  much  more  to  the 
peculiar  circumstances  under  which  a 
plant  may  be  placed  while  growing, 
than  to  any  specific  property.  For  ip- 
stance,  aromatic  plants  become  more 
aromatic  as  they  are  exposed  to  the 
powerful  action  of  bright  light  in  dry 
places,  and  less  so,  as  the  situation  in 
which]  they  grow  is  shaded ;  an  acid 
fruit  on  a  north  wall  becomes'  a  sweet 
fruit  on  a  southern  exposure ;  celery 
growing  in  ditches  developes  its  dan¬ 
gerous  extractive  principle,  and  becomes 
deleterious ;  but  in  a  dry  garden  it  is 
incapable  of  developing  it,  and  becomes 
an  agreeable  salad. 

These  statements  are  purposely  con¬ 
fined  to  points  upon  which  there  can 
be  no  difference  of  opinion,  and  they 
serve  to  show  in  a  striking  light,  the 
excessive  absurdity  of  species-mon¬ 
gers,  who  constitute  a  species  out  of 
every  trifling  variety  in  the  surface, 
form,  dimensions,  or  divisions  of  the 
organs  of  plants  ;  and  who,  by  such 
a  proceeding,  not  only  embarrass 
science  with  numberless  names,  but 
introduce  the  greatest  confusion  into 
the  distinctions  of  genuine  species.  We 
will  quote  a  few  striking  examples  of 
this  practice.  The  genus  Salix  is  fixed 
by  Mr.  Borrer  at  71  British  species; 
Koch  and  Lindley  have  reduced  them  to 
29 ;  Rubus  is  reported  to  have  21 
British  species ;  it  can  hardly  be  doubt¬ 
ed  that  they  are  all  reducible  to  8,  if 
not  to  6  genuine  species.  The  num¬ 
ber  of  Austrian  Menthas  is  raised  to  44 
by  Host :  Mr.  Bentham  has  shown 
that  they  ought  to  be  diminished  to 
10.  Rosa  was  stated  by  Mr.  Wood  to 
comprehend  22  species,  mostly  distin¬ 
guished  by  the  single  or  double  serra¬ 
tions  of  their  leaves,  the  density  of  their 
prickles,  the  surface  of  their  fruit,  the 
hairiness  of  the  leaves;  of  these  14  only 
at  the  utmost  can  be  allowed  as  genuine. 
It  isinconceivableto  what  an  extent  this 
evil  of  multiplying  species  upon  insuf¬ 
ficient  characters  has  in  modern  times 
been  carried, especially  among  thethird- 
rate  Botanists  of  Germany.  Veronica, 
Viola,  Salvia,  Scabiosa,  and  almost  all 
large  genera,  have  passed  through  their 
hands,  and  now  require  to  be  again  ex- 
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amined  by  some  Botanist  of  sound 
judgment  and  sane  mind,  in  order  to  be 
restored  to  an  intelligible  state.  There 
is  at  this  moment  in  a  Botanic  garden 
near  London  a  collection  of  Rhubarbs 
divided  by  a  worthy  Spanish  Botanist 
into  fifty  or  sixty  species ;  and  yet  there 
is  no  evidence  to  show  that  the  gardens 
really  contain,  at  the  outside,  above  six 
or  seven  genuine  species.  This  is  mere 
childishness,  or  scientific  fatuity. 

No  plant  can  be  considered  a  species 
that  is  not  capable  of  being  charac¬ 
terized  by  several  clear,  permanent, 
well-defined  marks,  by  which  it  will  be 
distinguished  from  all  its  neighbouring 
species  ;  it  can  very  rarely  happen  that 
one  single  character  is  all  that  exists 
as  a  difference  between  two  species. 
To  say  that  this  plant  differs  from  that 
in  having  its  leaves  rather  more  cord¬ 
ate  at  the  base,  or  slightly  hairy  under¬ 
neath,  or  linear -lanceolate  instead  of 
oval,  or  its  branches  many-flowered 
instead  of  few-flowered,  and  so  on,  is 
merely  to  point  out  the  existence  of 
certain  differences,  and  by  no  means  to 
show  that  such  marks  belong  to  spe¬ 
cific  distinctions.  Theodore  Helm,  who 
is  supposed  to  be  the  expositor  of  the 
systematic  views  of  Professor  Mohs, 
the  celebrated  mineralogist,  has  made 
some  good  observations  upon  this  point. 
“If  I  have  two  straws  before  me,  of 
which  one  is  six  inches  long  and  the 
other  seven,  I  can  distinguish  them 
perfectly  by  that  circumstance ;  and 
two  plants  otherwise  alike,  one  with 
six  and  the  other  with  seven  flowers, 
may  be  well  and  certainly  distinguish¬ 
ed  by  those  marks  of  number  only,  and 
so  on.  Put  let  me  ask,  are  these  natural- 
history  differences?  {differentia; physico- 
historicce) ;  are  they  not  altogether  dis¬ 
tinct  from  the  principles  of  natural- 
history  ;  and  do  not  they  obviously  come 
within  the  idea  of  systematic  identity  ? 
(homogeneitas.)"  It  is  greatly  to  be 
regretted,  that  we  should  so  often  find 
length,  and  breadth,  and  size,  and  the 
like,  referred  to  in  the  works  of  men  of 
Science  {?),  as  affording  characteristic 
distinctions  ;  it  is  still  more  to  be  regret¬ 
ted,  that  the  length,  breadth,  and  so  on 
of  all  these  parts,  should  be  most  minute¬ 
ly  and  carefully  reduced  to  inches  and 
lines;  and  it  is  perfectly  lamentable 
to  find  upon  record  distinctions  such  as 
these.  “This  Sisyrinchium,  formerly 
confounded  with  S.  anceps,  certainly  dif¬ 
fers  from  it  in  having  its  spathes  more 
short  than  the  flowers,  its  stem  less 


compressed,  its  leaves  more  wide,  its 
flowers  more  large,  and  mixed  with 
blue  and  yellow  ;  finally  it  is  a  native 
of  a  different  country,  and  cannot  pass 
the  winter  out  of  a  greenhouse,  while 
S.  anceps  lives  all  the  year  long  in  the 
open  ground.  Eucomis  punctata  re¬ 
sembles  Eucomis  regia  very  much,  but 
it  differs  principally  in  its  leaves  being 
longer,  narrower,  and  more  pointed,  in 
its  scape  being  higher,  and  its  spike 
twice  or  thrice  as  long,  and  terminated 
by  much  shorter  leaves.” 

One  fertile  cause  of  the  perplexity 
that  has  been  introduced  into  specific 
distinctions,  has  been  the  artificial  crea¬ 
tion  of  hybrid  plants  in  gardens,  and 
their  natural  production  among  wild 
plants.  The  former  is  a  notorious 
occurrence;  the  latter  has  been  denied 
altogether;  or  admitted  in  a  few  spe¬ 
cial  cases,  such  as  certain  Gentians, 
Saxifrages,  &c. ;  but  is  probably  a  very 
common  circumstance.  It  has  been 
argued  that  as  mules  are  almost  un¬ 
known  among  animals  in  a  state  of 
nature,  they  should  be  equally  rare 
among  plants;  and  that  in  both  king¬ 
doms  they  only  occur  among  species  in 
a  state  of  artificial  life,  resulting  from 
domestication.  But  it  seems  to  us  that 
this  matter  has  not  been  well  considered. 
If  mules  are  rare  in  wild  animals,  that 
circumstance  may  be  accounted  for  by 
the  fact,  that  intercourse  between  ani¬ 
mals  is  an  act  of  instinct,  and  that  an 
antipathy  to  intermixture  with  other 
species  may  be  supposed  to  be  im¬ 
planted  in  the  nature  of  all  animals. 
But  in  plants  there  is  no  such  thing  as 
instinct;  there  is  no  power  of  avoiding 
one  thing  and  searching  for  another; 
plants  cannot  travel  from  place  to  place 
in  search  of  their  mates ;  but  where 
they  stand  there  must  they  perform  all 
the  functions  of  their  life,  communicat¬ 
ing  their  influence,  be  it  what  it  may, 
to  all  bodies  in  their  vicinity,  and  in 
their  turn  receiving  the  influence  of 
others.  Suppose  two  willows  of  dis¬ 
tinct  species  standing  near  each  other, 
and  a  gust  of  wind  or  a  bee  brings  the 
pollen  of  one  to  the  stigma  of  the  other, 
what  is  to  hinder  that  pollen  fiom  fer¬ 
tilizing  the  seed  of  the  female;  or  the 
seed  thus  created  of  an  intermediate 
nature  between  its  two  parents  from 
falling  to  the  ground,  and  then  giving 
birth  to  an  individual  intermediate  in 
its  character  between  the  male  and 
female  parents.  It  is  quite  plain,  that 
the  intermixture  must  inevitably  take 
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place,  and  that  in  this  manner  some¬ 
thing  that  had  never  been  seen  before 
will  be  produced.  And  there  is  no 
physiological  reason  whatever  why  this 
should  not  very  often  occur.  It  is  true 
that  the  mule  being  barren  will  perish 
again  in  the  course  of  lime  ;  but  before 
it  has  disappeared  it  has  been  gathered, 
dried,  and  deposited  in  the  herbarium 
of  a  Botanist,  or,  if  a  woody  plant, 
it  has  been  dug  up,  transferred  to  a 
garden,  multiplied  by  cuttings,  layers, 
&c.,  and  dispersed  through  the  gardens 
of  all  the  finder’s  friends,  as  a  new 
species,  of  the  discovery  of  which  he 
claims  the  honour ;  and  then  it  finds 
its  way  into  books.  What  is  to  be 
done  with  this  vegetable  monster  ? 
surely  it  ought  not  seriously  to  be  raised 
to  the  rank  of  a  species  ;  and  yet  w'e  find 
hundreds  of  things  of  such  an  acknow¬ 
ledged  origin  in  the  works  of  even  De 
Candolle  himself  (see  his  Prodromus 
Pegni  Vegetabilis,  vol.  i.  page  649),  to 
say  nothing  of  other  cases ;  certainly 
we  ought  not  to  do  this  unless,  indeed, 
we  consider  the  Spanish  mule  a  species 
distinct  from  the  Horse  and  the  Ass, 
which  would  be  too  absurd ;  we  ought 
rather  to  strike  them  all  out  of  syste¬ 
matic  works,  and  to  leave  them  to  the 
care  of  the  gardener,  or  those  others 
who  are  interested  in  the  preservation 
of  such  productions. 

It  is  however  a  very  embarrassing 
subject,  this  natural  production  of 
mules  ;  for  there  is  no  known  means  of 
determining  at  first  sight  whether  a 
plant  is  a  mule  or  not.  Professor  Hen- 
slow  found  that  a  mule  Digitalis  did  not 
exhibit  the  slightest  anatomical  organic 
difference  from  its  parents.  There  is 
no  means  of  judging  with  accuracy, 
even  if  the  observer  is  acquainted  w'ith 
both  its  parents  ;  and  it  is  manifest  that 
if  acquainted  with  neither,  or  only  one, 
the  difficulty  is  still  further  increased. 
In  some  genera,  as  Ilosa,  in  which  the 
species  cross  each  other  very  readily, 
the  intermixture  has  been  carried  so 
far,  that  intermediate  states  may  be 
produced  from  the  most  stunted  state 
of  Uosa  spinosissima  to  the  most  gigan¬ 
tic  form  of  Rosa  canina.  Willow's,  and 
probably  many  other  large  genera,  are 
in  the  same  predicament.  From  such 
cases  as  these,  where  no  precise  limits 
can  be  pointed  out  between  species, 
some  naturalists  have  proceeded  to 
argue,  that  in  reality  species  have  no 
existence,  that  the  vegetable  world  is 
a  mere  mass  of  individuals  which  we 


may  arrange  into  groups  called  species, 
according  1o  their  likenesses,  but  which 
have  no  distinct  qualities,  and  that  the 
supposed  limits  between  them  are  alto¬ 
gether  arbitrary  and  imaginary.  We 
think,  however,  that  no  necessity  exists 
for  this  violent  supposition,  and  that 
whatever  evidence  there  may  seem  to  be 
of  its  truth  in  particular  cases,  it  is  more 
than  outweighed  by  other  evidence. 
Take,  for  instance,  in  one  of  the  most 
variable  of  genera,  Rosa, — take  the  seeds 
of  the  common  Sweetbriar,  and  sow,  as 
we  have  often  witnessed,  an  acre  with 
them.  All  the  plants  in  that  acre  of 
land  will  be  botanically  identical  and 
referable  to  the  same  common  form  of 
R.  rubiginosa  from  which  they  sprang. 
Probably  not  a  single  plant  in  all  that 
acre  will  exhibit  even  a  trace  of  a  ten¬ 
dency  to  vary.  Look  again  at  the 
thousands  of  acres  of  Turnips  that  are 
annually  raised  in  this  country :  who 
ever  saw  any  instance  of  the  slightest 
tendency  on  the  part  of  those  turnips 
to  be  any  thing  except  the  species  Bras- 
sica  Rapa,  unless  in  those  cases  where 
the  seed  had  been  notoriously  obtained 
from  the  intermixture  of  the  pollen  of 
the  cabbage,  or  some  allied  species? 
And  suppose  such  a  monster  to  be 
created,  either  it  produces  no  seed  and 
perishes  for  ever,  or,  if  it  produces  seed, 
that  seed  being  sown,  will  produce 
plants  returning  to  the  species  B. 
Rapa,  from  w’hich  it  sprang.  To 
deny  the  existence  of  species  then,  be¬ 
cause  of  difficulties  in  determining  the 
limits  that  separate  them,  is,  indepen¬ 
dently  of  all  other  considerations,  to 
argue  in  the  face  of  the  plainest  evidence 
of  their  real  presence.  Naturalists  are 
much  more  worthily  employed  in  clear¬ 
ing  up  the  difficulties  that  exist  in  the 
way  of  distinguishing  species,  than  in 
accumulating  doubtful  instances  of 
their  transition  into  one  another ;  a 
most  mischievous  theory  directly  op¬ 
posed  to  the  general  evidence  in  both 
kingdoms  of  nature,  “  and  useless,  be¬ 
cause,  if  it  were  true,  we  should  be 
compelled  to  act.  as  if  it  were  false, 
under  penalty  of  knowing  nothing,  and 
to  study  the  habitual  forms  of  vegeta¬ 
tion  just  as  we  now  do." 

With  regard  to  the  uncertainty  and 
difficulty  that  is  obviously  connected 
with  the  discrimination  of  species,  De 
Candolle  has  some  excellent  remarks, 
the  substance  of  which  we  shall  borrow 
as  a  conclusion  to  this  discussion.  If 
the  doubts  that  often  exist  as  to  the  real 
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limits  of  species  were  as  common  as  at 
first  sight  they  seem  to  be,  they  would 
not  only  throw  beginners  into  despair, 
but  discourage  the  most  consummate 
naturalists.  But  by  a  law  that  seems 
strange,  though  in  reality  it  is  very- 
simple,  nature  has  confined  this  inde¬ 
finite  tendency  to  variation  to  the 
most  common  species,  or  to  those  which 
are  most  extensively  cultivated.  For 
what  in  fact  is  a  rare  plant?  It  is  a 
plant  which  is  so  organised,  that  it  can 
only  live  in  a  particular  locality,  and 
which  perishes  in  all  others ;  such  a 
plant  is  incapable  of  assuming  different 
forms.  What,  on  the  other  hand,  is  a 
common  plant  ?  It  is  a  plant  robust 
enough  to  exist  in  very  different  locali¬ 
ties,  and  under  very  different  circum¬ 
stances,  and  which  will  therefore  put 
on  many  different  forms.  Those  first 
variations,  once  established,  may  be  mul¬ 
tiplied  and  increased,  by  hybridizing  or 
other  causes,  and  will  become  numerous 
in  proportion  to  the  quantity  of  indivi¬ 
duals  that  may  be  created.  Cultivation 
is  one  of  the  most  efficient  causes  of  the 
production  of  varieties,  either  because 
it  multiplies  so  very  much  the  external 
circumstances  that  surround  a  plant, 
or  because,  by  bringing  plants  toge¬ 
ther,  it  increases  their  opportunities  of 
muling.  But  a  rare  plant,  that  is,  one 
which  requires  a  particular  locality, 
cannot  be  generally  cultivated,  and  is 
thus  cut  off  from  the  great  source  of 
variation.  These  considerations  suffice 
to  show,  that  plants  are  liable  to  run 
into  varieties  in  proportion  as  they  are 
more  robust,  more  common,  or  more 
cultivated;  as  for  instance,  Lotus  corni- 
culutus,  Anthyllis  vulneraria,  Purus 
communis.  They  also  explain  why 
certain  exotics  are  more  easily  culti¬ 
vated  than  some  of  our  own  native 
plants,  such  as  Gentians,  Pedicularis, 
and  the  like. 

We  cannot  terminate  this  very  im¬ 
portant  subject  more  usefully  than  by 
quoting  some  observations  upon  species 
by  Mr.  Bentham,  a  most  sagacious  and 
successful  investigator  of  their  real 
value  in  the  order  Labiatae  ( Lamiacccc ), 
upon  which  an  inconceivable  amount 
of  systematic  trifling  has  been  expended. 
“There  seems  every  reason  to  consider 
that  each  species  has  a  really  distinct 
existence  in  nature,  as  a  group  of 
individuals,  varying  from  each  other 
only  within  the  limits  of  individuals 
descending  from  one  common  stock; 
and  the  question  is  therefore  here,  are 


two  plants  of  the  same  species  or  not? 
Of  this  it  is  seldom  we  can  obtain  posi¬ 
tive  evidence ;  we  must  reason  by  ana¬ 
logy —  we  must  take  into  account  all 
the  varieties  likely  to  be  caused  by  soil, 
climate,  and  other  external  agents, — 
by  cultivation,  by  hybridity,  by  disease, 
&c.,  as  well  as  by  the  age  and  period 
of  development  of  the  specimen  before 
us ;  — we  must  consider  whatever  cir¬ 
cumstantial  evidence  we  can  deduce 
from  station,  from  abundance  of  indivi¬ 
duals  resembling  each  of  the  two  speci¬ 
mens  before  us,  or  from  any  other 
source  we  can  get  at ;  and  from  these 
data  we  must  then  form  our  judgment. 
This  judgment  may  indeed  be  errone¬ 
ous,  even  when  pronounced  by  the  most 
experienced  Botanist  possessed  of  the 
greatest  number  of  data;  how  much 
more  so  must  it  be  when  a  young  Bo¬ 
tanist,  scarcely  acquainted  with  the 
commonest  plants  of  his  own  neigh¬ 
bourhood,  sits  down  with  a  scanty 
library  in  a  botanic  garden,  and  pub¬ 
lishes  as  new  every  specimen  that  does 
not  exactly  coincide  with  the  descrip¬ 
tions  of  the  plant  whose  name  he  finds 
appended  to  his  specimens  ;  or  if, 
studying  the  wild  plants  of  his  own 
country,  having  no  general  herbarium, 
and  therefore  ignorant  of  the  various 
forms  a  species  may  assume  in  other 
countries,  he  considers  as  specific  dis¬ 
tinctions  any  accidental  variations  to 
which  a  continuation  of  the  circum¬ 
stances  which  originally  occasioned 
them  may  give,  in  his  neighbourhood, 
a  certain  degree  of  permanency. 

“  I  have  been  led  into  these  observa¬ 
tions  as  a  sort  of  answer  to  those  who 
may  consider  me  presumptuous  in  set¬ 
ting  up  my  opinions,  formed,  in  a  great 
measure,  from  dried  specimens,  against 
the  observations  of  local  botanists  and 
directors  of  botanical  gardens,  often  of 
great  merit,  who  have  studied  the  plants 
living.  If,  for  instance,  the  principles 
upon  which  M.  Host  added  37  Menthce 
to  the  Flora  of  Vienna  were  to  be  fol¬ 
lowed  throughout,  the  number  of  La¬ 
biatae  now  to  be  described  would  rather 
be  17,000  than  1700  ;  these  17,000  de¬ 
scriptions  would  most  of  them,  a  hun¬ 
dred  years  hence,  have  to  be  replaced 
by  as  many  others,  and  the  whole  would 
soon  become  a  complete  chaos.  Al¬ 
ready,  many  of  the  original  plants  upon 
which  M.  Host  established  his  species, 
and  most  of  their  descendants,  no  longer 
possess  his  distinctive  characters ;  and 
if  this  be  the  case  with  M.  Host,  how 
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much  more  must  it  be  with  those  who, 
with  all  his  national  pride  in  the  num¬ 
ber  of  species  comprised  in  his  Flora, 
have  none  of  his  talent,  and  carry  to 
so  high  a  degree  the  sometimes  mer¬ 
cenary  and  always  foolish  vanity  of 
tacking  so  many  nobis  to  botanical 
names. 

“  Some  genera  of  Labiatae  are  pecu¬ 
liarly  liable  to  this  multiplication  of 
species.  Very  hardy  and  abundant  in 
those  parts  of  Europe  where  the  real 
number  of  species  has  long  been  well 
known,  the  same  species,  growing  in  a 
great  variety  of  situations, — in  the  dry 
roadside  dust  or  in  marshes,  or  even  in 
water  —  in  shady  woods  and  in  open 
commons — long  cultivated  in  gardens, 
and  carried  out  to  all  parts  of  the  world 
— not  only  casual  varieties,  but  more  or 
less  permanent  races,  have  been  formed 
in  the  Menthce,  Thymi,  Stachydes, 
&c.,  which  it  is  impossible  with  any 
certainty  to  distinguish  from  real 
species ;  and  any  disposition  to  make 
species  may  readily  be  indulged  in  to 
almost  any  extent.  Hybridity,  also, 
that  great  obstacle  to  the  discrimina¬ 
tion  of  species,  is  not  unfrequent  in 
Mentha  and  Thymus,  and  probably  in 
some  other  genera  ;  although  in  the 
greater  number  of  Labiatae,  fecunda¬ 
tion  taking  place  at  the  moment  of  the 
expansion  of  the  corolla,  and  the  parts 
of  fructificalion  being  more  or  less 
concealed,  hybridity  only  ensues  under 
very  peculiar  circumstances. 

“  Another  great  difficulty  that  occurs, 
in  long-known  variable  genera,  in  dis¬ 
tinguishing  the  species,  is  the  impossi¬ 
bility  of  judging,  from  the  numbers  seen 
in  herbaria,  of  the  real  proportion  in 
the  number  of  intermediate  forms  to 
that  of  each  of  two  common  forms 
which  they  connect.  If  a  whole  tract 
of  country  be  covered  with  individuals 
of  two  distinct  forms,  with  here  and 
there  some  accidental  intermediate,  it 
is  these  intermediates  that  the  collector 
will  seize  upon  with  avidity,  almost 
neglecting  the  normal  states,  and,  at 
any  rate,  neglecting  to  record  the  fact 
of  their  great  disproportion.” 

Chapter  III. 

Of  Genera,  and  of  the  Principles  upon 
which  they  should  be  constructed. 

Supposing  species  to  be  distinguished 
in  the  clearest  manner,  it  would  be  im¬ 
possible  to  study  them  as  isolated  ob¬ 
jects  ;  the  human  mind  would  never  be 


able  to  comprehend  so  vast  a  multitude 
of  distinct  forms  of  vegetable  matter. 
And  indeed  it  would  soon  be  obvious 
to  the  most  superficial  observer,,  that 
to  attempt  so  impossible  a  task  is  un¬ 
necessary,  for  in  many  cases,  species 
obviously  collect  into  small  well-defined 
groups,  having  certain  common  cha¬ 
racters  of  agreement,  notwithstanding 
their  respective  points  of  differences. 
Roses,  Heaths,  Clovers,  Cinquefoils, 
Brambles,  are  familiar  instances  of 
such  self-evident  combinations  ;  and  it 
is  found  that  similar,  though  perhaps 
less  manifest  groupes  are  to  be  met 
with  throughout  the  vegetable  king¬ 
dom,  so  that  the  whole  number  of 
species,  large  as  it  is,  may  be  reduced 
to  7000  or  8000  such  assemblages: 
these  are  genera. 

A  genus  has  been  defined  to  be  a 
collection  of  species  which  have  in 
common  a  striking  resemblance  in  the 
totality  of  their  organs ;  or  a  collection 
of  species  resembling  one  another, 
more  than  they  resemble  anything  else. 
It  might  perhaps  be  better  described, 
for  the  above  are  anything  but  defini¬ 
tions,  as  a  collection  of  species  agree¬ 
ing  in  the  number,  proportion,  and 
general  nature  of  the  organs  of  fructi¬ 
fication  ;  and  then  every  genus  will  be 
the  representation  of  some  special, 
simple  type  of  organization,  which  dif¬ 
fers  from  all  other  types;  just  as  an 
order  is  the  representation  of  some 
more  compound  type  of  organization  ? 

Descriptions  of  this  sort  are  neces¬ 
sarily  vague  and  indefinite ;  and  hence 
a  great  uncertainty  in  what  should  be 
considered  the  true  limits  of  many  ge¬ 
nera,  and  an  arbitrary  mode  of  con¬ 
structing  them,  that  has  led  to  much 
confusion.  While  some  Botanists,  as 
Linnaeus,  and  most  of  the  older  writers, 
comprehended  under  one  name  ex¬ 
tremely  different  kinds  of  structure, 
because  of  some  common  character 
that  connected  them,  others,  on  the 
contrary,  have  constructed  their  groups 
upon  such  trifling  distinctions,  as  to 
render  the  words  species  and  genus 
almost  identical  terms.  Both  these 
classes  of  writers  have  been  equally  in 
the  wrong. 

Although  we  do  seem  to  recognize 
genera,  apparently  ready  -  formed, 
amongst  the  vast  mass  of  vegetable 
productions,  yet  it  is  quite  certain  that 
in  a  very  large  majority  of  cases  they 
are  mere  contrivances  to  enable  us  to 
execute  the  first  process  of  analysis, 
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by  which  the  vegetable  kingdom  is 
systematized.  Now  the  writer  who 
constructs  genera  upon  trifling  charac¬ 
ters,  and  thus  reduces  genera  back  into 
species,  defeats  the  object  we  have 
assumed  to  be  pointed  at  in  construct¬ 
ing  such  groupes ;  they  do  not  assist 
us  in  the  process  of  analysis,  and 
therefore  are  objectionable.  On  the 
other  hand,  the  Botanist  who  com¬ 
bines  plants  with  extremely  different 
structures  under  one  generic  name, 
renders  useless  the  analysis  to  which 
he  leads  us,  by  depriving  his  genera  of 
any  definite  or  intelligible  meaning.  It 
is  clear  that  the  right  course  is  between 
these  two  extremes. 

De  Candolle  maintains  the  somewhat 
singular  doctrine  that  so  long  as  a 
group  of  plants  is  looked  upon  as  a  mere 
section  of  some  other  assemblage,  it 
may  be  considered  one  genus ;  but  if 
it  should  turn  out  that  it  has  been 
wrongly  so  looked  upon,  and  that  it 
forms  a  special  assemblage  of  the  next 
higher  grade,  namely  an  order,  it  may 
then  be  subdivided  into  a  number  of 
genera.  If  this  really  were  so,  it  would 
render  the  limits  of  genera  much  more 
arbitrary  than  they  really  are,  which 
hardly  need  be.  But  we  think  this 
doctrine  cannot  be  supported.  One 
would  say  that  if  plants  differ  essen¬ 
tially  in  structure,  as  the  various  groups 
of  Lichens  for  example,  they  ought  to 
be  esteemed  distinct  genera,  whether 
they  together  form  a  section  of  an 
order,  or  an  entire  and  special  order ; 
and  that  the  reason  why  Botanists  for¬ 
merly  admitted  such  genera  as  Lichen, 
Orchis,  Epidendrum,  Geranium,  &c., 
was,  that  they  did  not  know  of  the 
remarkable  diversities  of  organization 
that  are  now  found  to  exist  among 
their  species. 

Perhaps  the  best  way  to  judge  what 
a  genus  really  is,  may  be  to  take  such 
notoriously  indivisible  genera,  as  Rosa, 
Rubus,  Fragraria,  Potentilla,  and 
Geum,  and  see  by  what  it  is  that  they 
are  so  positively  combined  that  no  one 
is  now  able  to  devise  a  method  of  sub¬ 
dividing  them.  Probably  their  example 
may  be  more  instructive  than  the  best 
verbal  definitions. 

In  Rosa  the  calyx  has  a  fleshy  tube 
conlracted  at  its  orifice,  with  five  leafy 
segments  ;  the  corolla  consists  of  five 
thin  coloured  petals ;  the  stamens  are 
extremely  numerous,  and  arise  from 
just  without  the  contracted  orifice  of 
the  calyx ;  the  carpels  are  numerous, 


distinct,  one-seeded,  hairy  bodies,  each 
having  a  single  style  and  stigma,  and 
all  enclosed  within  the  tube  of  the  calyx, 
except  the  stigmas  which  project  be¬ 
yond  it ;  the  fruit  is  formed  by  the  tube 
of  the  calyx  becoming  succulent,  and 
the  carpels  change  to  bony  seed-like 
nuts  enclosed  within  it.  The  numerous 
legitimate  species  of  this  genus  dis¬ 
agree  in  the  form  of  their  leaflets  or 
the  number,  and  in  the  nature  of  their 
prickles  ;  some  bear  fragrant  glands 
upon  their  leaves,  others  have  their 
fruit  armed  with  stiff  bristles  ;  others 
have  the  segments  of  the  calyx  equal, 
instead  of  partly  unequal ;  and  some 
again  bear  their  flowers  singly  in  the 
bosom  of  common  leaves,  instead  of 
originating  from  bracts.  Here  then  is 
a  group  of  plants  uniform  in  the  plan 
of  organization  of  their  fructification, 
but  differing  in  certain  modifications 
of  those  parts,  and  of  the  organs  of 
vegetation. 

llubus  has  the  general  characters  of 
Rosa,  only  its  calyx  is  not  contracted 
at  the  orifice  into  a  hollow  chamber  to 
contain  the  carpels,  and  never  becomes 
succulent ,  but  remains  thin  and  dry  to 
the  last ;  its  carpels,  on  the  contrary, 
have  a  succulent  coating  when  ripe,  and 
are  disposed  upon  a  conical  dry  recep¬ 
tacle  that  projects  beyond  the  open 
mouth  of  the  calyx.  Here  are  several 
important  peculiarities  that  never  occur 
in  Rosa  ;  and  agreeing  in  such  common 
characters  is  again  a  large  number  of 
species,  some  with  simple,  some  with 
compound  leaves  ;  some  with  herba¬ 
ceous,  others  w'ith  woody,  some  with 
unarmed,  others  with  prickly  stems; 
some  having  their  leaves  of  one  form, 
others  of  another.  Rubus  then  is 
essentially  distinguished  from  Rosa. 
Now,  suppose,  what  really  happens 
in  Rosa  Rapa,  that  a  plant,  otherwise 
agreeing  in  all  respects  with  Rosa, 
has  a  campanulate  calyx  open  at  the 
orifice,  could  such  a  plant  be  separated 
as  a  distinct  genus  ?  Such  an  idea 
never  has  entered  the  mind  of  any  one ; 
for  no  one  could  pretend  that  such  a 
difference  could  be  of  equal  importance 
with  those  which  separate  Rubus  from 
Rosa. 

In  Fragaria  we  have  the  structure 
of  Rubus,  except  that  the  calyx  con¬ 
sists  of  two  rows  of  sepals  instead  of 
one;  the  carpels  are  dry  instead  of  suc¬ 
culent  ;  and  the  receptacle  succulent 
instead  of  dry';  in  other  words,  the 
power  of  collecting  fluid  and  saccha- 
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rine  matter,  which  in  Rosa  exists  in 
the  calyx,  and  in  Rubus  in  the  carpels, 
is  here  transferred  to  the  receptacle. 
These  are  very  important  differences 
connected  with  vital  functions  ;  and 
are  manifestly  of  a  higher  order  than 
diversities  in  the  form,  surface,  and 
texture  of  the  leaves,  or  the  relative 
hairiness  of  different  parts,  by  which 
the  species  are  distinguished. 

Then  Potentilla  is  a  Fragaria  in  all 
respects,  except  that  its  receptacle  is 
dry ,  not  succulent.  Here  indeed  the 
difference  between  the  two  genera  is 
confined  to  one  single  character ;  but 
then  it  is  a  character  connected  with 
the  uses  to  which  the  species  have  been 
destined,  and  it  indicates  a  total  change 
in  the  nature  of  an  important  organ. 
Its  numerous  species  are  distinguished 
by  peculiarities  in  the  foliage,  the  stem, 
or  the  inflorescence,  and  in  the  external 
forms  of  the  organs  of  fructification. 

As  for  Geum  it  differs  from  Poten¬ 
tilla  solely  in  its  styles  becoming  rigid 
and  hooked,  instead  of  shrivelling  up  or 
falling  off.  This  too  is  a  single  cha¬ 
racter,  but  what  an  important  one  it  is  ! 
The  style,  a  most  essential  part  of  the 
fructification,  changes  its  office  alter 
impregnation,  and,  from  being  a  fertiliz¬ 
ing  organ,  becomes  a  peculiar  means 
of  disseminating  the  seeds  to  whose 
organization  it  originally  contributed. 
Subordinate  to  this  particular  are 
strongly  marked  differences  in  the 
leaves,  the  calyx,  the  inflorescence, 
which  indicate  a  number  of  species 
agreeing  in  the  common  character  of 
the  hardened  style. 

As  a  further  illustration  of  this  sub¬ 
ject,  a  few  spurious  genera  may  be 
advantageously  cited.  Take  the  modern 
characters  of  Stachys  and  Betonica, 
two  Linnean  genera. 

Stachys.  Calyx  ovate- campanu- 
late,  10-ribbed,  with  5  somewhat  un¬ 
equal  mucronate  teeth,  the  throat  naked 
or  somewhat  naked.  Corolla  hardly 
projecting  beyond  the  tube,  with  a  pro¬ 
minent,  entire,  concave  upper  lip,  and  a 
lower  spreading  trifid  one. 

Betonica.  Calyx  between  conical 
and  tubular,  10-ribbed,  with  5  equal 
mucronate  teeth,  the  throat  beset  with 
stiff  hairs.  Corolla  with  a  slightly 
curved  tube  projecting  beyond  the 
calyx,  an  ascending  upper  lip,  and  a 
lower  hanging  3-lobed  one. 

“What  can  be  more  slight  than  the 
differences  between  these  ?  One  has 


the  calyx  a  little  more  campanulate, 
the  teeth  rather  less  equal,  the  corolla 
rather  longer ,  and  the  throat  of  the 
calyx  a  little  more  hairy,  and  the  lower 
lip  of  the  corolla  rather  more  pendent 
than  the  other.  Nothing  can  be  more 
trifling  or  unimportant  than  such  dis¬ 
tinctions.  The  two  supposed  genera  are 
one  and  the  same.  It  is  upon  similar  pue¬ 
rile  distinctions  that  the  genus  Trifolium 
has  been  divided  into  seven  or  eight  by 
Presl,  Erica  into  14  or  15  by  Don,  and 
QEnotherainto  10orl2by  Spach.  These 
are  blots  upon  the  face  of  science  by 
which  she  is  disfigured  and  disguised. 
In  all  such  cases  the  authors  have 
mistaken  trifling  superficial  characters 
for  fundamental,  structural,  or  physio¬ 
logical  ones ;  this,  although  it  may  seem 
a  mere  verbal  distinction,  is  in  reality 
a  most  important  one. 

Mischievous  however  to  science  as 
are  the  proceedings  of  mere  genus- 
makers,  hardly  less  injurious  are  those  of 
persons  who,  clinging  to  old  prejudices, 
would  preserve  the  heterogeneous  ge¬ 
nera  of  our  forefathers  in  their  ancient 
state.  Orchis,  for  example,  they  would 
keep  as  Linnmus  left  it ;  but  the  genus 
Orchis  of  the  great  Swedish  Naturalist 
comprehends  plants  with  many  differ¬ 
ent  contrivances  for  effecting  impregna¬ 
tion,  and  with  whole  series  of  organs  in 
one  species  which  do  not  exist  in  an¬ 
other,  and  all  these  constitute  particular 
categories  of  organization  under  each  of 
which  many  species  arrange  themselves. 
There  is  no  distinct  meaning  then  in 
the  Linnaean  word  Orchis,  to  which 
precision  has  only  been  given  in  modern 
days. 

We  again  quote  some  practical  re¬ 
marks  by  Mr.  Bentham  upon  this 
subject.  Speaking  of  the  course  he  has 
taken  in  his  monograph  of  Labiates 
(Lamiaceae),  he  says: — 

“  For  the  distribution  of  Labiatae 
into  genera,  T  fear  I  shall  by  many  be 
accused  of  inconsistency  in  the  import¬ 
ance  I  have  attributed  to  the  characters 
I  have  selected  on  different  occasions, 
but  this  appeared  to  me  unavoidable ; 
for,  although,  as  a  general  rule,  certain 
characters  are  of  an  order  superior  to 
others,  yet,  in  detail,  there  are  too 
many  exceptions  in  nature  to  allow  a 
graduated  scale  of  characters  to  be 
drawn  up  with  any  exactitude.  Take 
an  instance  from  one  of  those  of  the 
greatest  importance,  the  entire  or  four- 
lobed  ovarium,  a  distinction  which,  with 
scarcely  any  exception,  draws  a  line 
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between  two  very  extensive  and  natural 
families,  the  Verbenaceae  and  Labiatae. 
Apply  the  same  rule  to  Boragineae,  and 
you  must  separate  Heliotropium  from 
Cynoglossum ,  Cynoglossum  and  Echi- 
nospermum  ivomAnchusa  and  Myosotis, 
when  a  series  of  species  might  be 
selected  from  all  these  genera  so  near 
to  one  another  in  habit  and  other  cha¬ 
racters  as  to  tempt  one  at  first  sight  to 
consider  them  as  forming  but  one  genus. 

“  If  I  have,  therefore,  for  example,  on 
some  occasions  taken  differences  in  the 
calyx,  in  the  anthers,  &c.,  as  generic 
distinctions  (the  anthers  of  Sphacele 
and  Stachys,  the  calyx  of  Thymbra  and 
Melissa) ;  at  others,  considered  them 
merely  as  seclional  or  even  specific  dis¬ 
tinctions  (the  anthers  in  Melissa,  the 
bilabiate  calyx  in  Stachys  menthae- 
folia),  it  has  been  because,  in  the  one 
case,  they  appeared  to  me  constantly 
accompanying  differences  in  facies  and 
other  characters,  and  at  other  times  at 
variance  with  them.  Besides  which, 
I  have  always  considered,  that  although 
certainly  we  do  observe  certain  groups 
of  plants  more  nearly  allied  to  each 
other  than  to  any  others,  and  dis¬ 
tinguished  from  their  several  affinities 
by  a  sort  of  hiatus,  yet  even  now,  many 
as  are  the  species  which  remain  to  be 
discovered,  it  is  often  very  difficult  to 
say  between  which  two  species  the  hia¬ 
tus  is  most  marked,  and  the  more  plants 
we  discover  the  more  are  these  hiatuses 
filled  up.  A  genus,  therefore,  has  sel¬ 
dom  any  existence  in  nature  as  a  posi¬ 
tively  determined  group,  and  must 
rather  be  considered  as  a  mere  contriv¬ 
ance  for  assisting  us  in  comparing  and 
studying  the  enormous  multitude  of 
species,  which,  without  arrangement, 
our  minds  could  not  embrace.  But  al¬ 
though  our  genera  be  not  in  nature,  yet 
the  nearer  we  follow'  what  is  in  nature 
in  grouping  our  plants,  the  more  use¬ 
ful  is  our  labour.  Whenever  two  or 
more  species  resemble  each  other  by 
all  those  characters  which  experience 
has  shown  us  to  be  important,  they 
should  form  a  group  of  the  lowest  order. 
Where  several  groups  resemble  each 
other  closely,  but  differ  in  some  charac¬ 
ter  of  an  order  rather  higher  than  those 
with  which  we  separate  species,  they 
form  a  group  of  a  superior  order  ;  and 
these  again  form  groups  of  a  third  order, 
and  so  on,  till  we  arrive  at  the  general 
group  Plants  ;  but  to  which  of  these 
orders  of  groups  we  give  the  name  of 
genera,  and  to  which  those  of  order, 


tribe,  section,  &c.  is  a  matter  of  mere 
convenience. 

If  all  existing  plants  were  known,  and 
it  were  always  possible  to  say  to  which 
of  Ihe  1st,  2nd,  3rd,  &c.  order  a  group 
belongs,  then  it  w’ould  be.  absolutely 
necessary  to  take  care  that  the  name 
genera,  for  instance,  should  always  be 
given  to  groups  of  the  same  order ;  but 
in  the  present  state  of  the  science,  at 
least,  this  is  impossible.  Take,  for 
example,  the  group  of  Nepeteae,  which 
is  very  natural  because  a  very  marked 
one,  offering  (as  at  present  known)  no 
intermediates  with  others  in  regard  to 
its  essential  characters ;  it  comprises 
two  groups  distinguished  from  each 
other  by  slighter  and  more  variable 
characters.  One  of  these  comprehends 
four  of  a  still  lower  order ;  of  these  Ne- 
peta  comprises  eight  groups  of  a  fourth 
order;  and  another  (Dracocephalum) 
contains  five,  which  are  about  of  the 
same  value  as  the  eight  of  Nepeta,  but 
which  might  be  distributed  into  two  or 
three  intermediate  groups.  It  would 
be  just  as  natural  to  consider  the  whole 
of  these  as  one  genus,  consisting  of  two 
sub-genera,  seven  sections,  and  eighteen 
sub-sections ;  or  as  two  genera,  one 
comprehending  two  sections,  and  the 
other  four  sub-genera  and  sixteen  sec¬ 
tions  ;  or  as  I  have  done,  as  a  tribe, 
containing  two  groups,  one  with  a 
single  genus,  divided  into  two  sections, 
the  other  with  four  genera,  two  of  which 
are  subdivided  into  sections  ;  or  if  each 
of  these  sections  were  considered  as  a 
genus  —  provided  that  in  all  cases  no 
groups  be  collected  into  one  of  a  superior 
order,  that  are  not  more  like  each  other 
than  to  any  other  group.  Whenever, 
therefore,  natural  affinities  appeared  to 
leave  it  indifferent  which  of  two  courses 
I  should  pursue,  I  have,  with  lew'  excep¬ 
tions,  considered  as  sections  such  groups 
as  are  distinguished  by  characters  of 
no  greater  importance  than  stem, 
foliage,  or  inflorescence ;  and  all  charac¬ 
ters  taken  from  the  organic  structure  of 
the  parts  of  fructification  have  been 
considered  as  generic.” 

Nothing  has,  probably,  given  rise  to 
so  many  heterogeneous  genera  as  the 
famous  Linnean  axiom,  a  genus  shall 
furnish  its  own  character,  but  no  genus 
can  be  founded  upon  a  character  (Genus 
dabit  churacterem,  sed  non  character  ge¬ 
nus).  That  is  to  say,  when  a  collection 
of  similar  species  has  been  formed,  some 
common  character  by  which  they  may  be 
combined  is  to  be  sought  for;  but  a 
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peculiarity  of  structure  is  not  to  be 
first  selected  and  then  the  species  col¬ 
lected  under  it.  It  was  apprehended 
that  the  latter  practice  would  lead  to 
the  formation  of  merely  artificial  genera, 
and  it  was  expected  that  the  former 
would  ensure  the  generic  groups,  being 
so  natural  that  they  might  be  recognized 
at  first  sight,  independently  of  their 
technical  character.  De  Candolle  re¬ 
gards  this  axiom  as  the  touchstone  by 
which  the  goodness  of  genera  is  to  be 
estimated.  “  It  is  by  it  that  we  are 
principally  able  to  determine  what  are 
the  really  essential  characters  of  each 
natural  order ;  for  instance,  the  calyxes 
of  the  larger  species  of  Gentian  possess 
strongly  marked  differences  which 
would  readily  seem  to  form  several 
genera;  but  the  extreme  resemblance 
of  these  plants  one  to  the  other  obliges 
us  to  leave  them  united,  and  proves 
that  the  form  of  the  calyx  is  of  no  im¬ 
portance  in  their  order.”  Thaorie  ile- 
mentuire,  ed.  2,  p.  220.)  Helm  has  sus¬ 
tained  the  proposition  metaphysically, 
considering  it  of  the  utmost  importance, 
and  the  very  foundation  of  scientific 
knowledge.  ( Dissertatio  de  Methodo 
physico-historica,  p.  78.)  And  to  this 
we  must  add  the  authority  of  Fries. 
“  In  the  formation  of  sections  and  genera 
it  is  most  especially  necessary  to  beware 
that  they  do  not  depend  upon  charac¬ 
ters  alone ;  so  that  if  the  character 
should  hereafter  prove  defective,  the 
section  or  the  genus  may  still  remain 
unchanged.  In  this  lies  the  difference 
between  an  artificial  and  natural  ar¬ 
rangement  ;  the  former  depending  upon 
characters,  the  latter  upon  affinity. 
Hence  Linnaeus  did  not  characterise  his 
families  of  plants,  nor  Ehrenberg  those 
of  Fungi,  rightly  perceiving  that  affinity 
is  of  the  first  importance,  characters  of 
secondary.”  Syst.  Mycol.  —  Professor 
Lindley  has  however  objected  to  it,  and 
we  think  with  reason.  “  Whether  or 
not,”  he  says,  “  this  proposition  is 
to  be  admitted,  depends  entirely  upon 
the  nature  of  the  character  employed  ; 
for  if  the  character  is  one  of  fundamental 
importance,  it  is  absolute,  and  that 
which  defines  the  group  ;  but  if  it  is 
unimportant,  it  is  unfit  for  any  sectional 
purpose  and  ought  to  be  rejected.  For 
instance,  to  have  their  trunk  growing 
in  the  centre  is  the  character  of  Endo- 
gens  ;  and  who  would  think  of  remov¬ 
ing  from  those  plants  Smilax  or  Dios- 
corea,  because  the  appearance  of  the 
latter  is  that  of  Menispermum,  or  some 


Euphorbiaceous  genus  among  Exo¬ 
gens  (?)”  (Nixus  Plantar  um,  p.  4.)  We 
follow  on  the  same  side. 

It  is  said  that  after  a  genus  has  been 
made  by  collecting  together  a  number 
of  species  greatly  resembling  each  ol  her, 
a  character  is  to  be  found  to  combine 
them;  that  isj  in  the  first  insiance  a 
genus  is  to  be  formed  upon  some  vague 
and  indefinite  notion  of  natural  resem¬ 
blance,  and  after  that  has  been  accom¬ 
plished,  a  positive  combining  character 
is  to  be  discovered.  But  we  would  ask 
what  is  meant  by  a  natural  assemblage, 
or  by  strong  botanical  resemblances? 
unless  a  strict  correspondence  in  or¬ 
ganization;  and  what  can  so  strongly 
indicate  that,  as  conformity  in  funda¬ 
mental  points  of  structure,  or,  in  other 
words,  in  important  characters?  Bo¬ 
tanical  resemblances  depend  then  for 
their  very  existence  upon  what  Linnaeus 
called  a  character,  and  therefore  it  seems 
to  us  that  his  proposition  should  be 
reversed,  and  that  we  ought  to  say  that 
characters  form  the  genus,  and  not  the 
genus  the  characters.  If  we  are  to 
trust  to  vague  external  resemblances 
for  forming  a  preliminary  idea  of  a 
genus,  all  scientific  precision  is  aban¬ 
doned.  A  common  observer  sees  a 
great  and  close  similarity  between  an 
Ash  Tree,  a  Walnut  Tree,  and  a 
Sumach  Tree,  or  between  a  Hazel 
Bush  ( Corylus ),  a  Witch  Hazel  ( Hama - 
metis),  and  many  Grewias  ;  but  in 
reality  these  plants,  however  natural 
their  grouping  may  seem  to  be,  have 
no  botanical  affinity,  but  merely  cor¬ 
respond  in  certain  unimportant  super¬ 
ficial  particulars.  On  the  other  hand, 
a  common  observer  can  see  no  great  re¬ 
semblance  between  the  common  Euro¬ 
pean  Nettle  and  many  of  the  arbores¬ 
cent  Nettles  ofthe  Tropics,  and  he  would 
never  dream  of  their  forming  a  natural 
genus ;  and  yet  they  really  correspond 
in  every  one  of  the  essential  characters 
of  their  organization.  Let  no  one  take 
alarm  at  this  heresy ;  for  if  important 
characters  are  made  the  basis  of  generic 
distinctions,  no  unnatural  or  heteroge¬ 
neous  assemblages  can  be  the  result ; 
the  necessary  and  inevitable  conse¬ 
quence  of  employing  important  struc¬ 
tural  characters,  independent  of  at  l  other 
considerations,  is  the  collection  into 
genera  of  species  resembling  each  other 
more  than  they  resemble  any  thing  else. 
This  is  proved  in  the  clearest  manner 
by  the  genera  so  constructed  by  Brown, 
De  Candolle,  and  others,  the  highest 
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modern  authorities  we  have.  Brown 
has  divided  his  New  Holland  Epacri- 
daceae,  Orchidaceae,  Cyperaceae,  Myo- 
poraceae ;  De  Candolle  his  Brassicaceae, 
Apiaceae,  Cinehonaceae,  and  Compo- 
sitae  entirely  according  to  their  struc¬ 
tural  characters,  and  not  according  to 
the  general  appearance  of  the  species; 
but  the  latter  coincides  with  the  former 
as  we  have  asserted  that  it  would  ;  and 
we  attribute  the  great  and  universally 
acknowledged  excellence  of  Brown's 
generic  characters  to  his  having  virtu¬ 
ally  abandoned  the  Linnean  axiom  now 
in  discussion.  And  so  have  and  must 
all  writers  who  would  lay  any  claim  to 
precision.  When  the  Linnean  method 
is  adopted,  the  consequences  are  of  the 
following  nature :  A  plant  is  discovered 
which  is  in  reality  organically  distinct 
from  all  known  genera ;  but  it  has  some 
resemblance  in  structure  to  a  known 
genus,  and  it  looks  a  good  deal  like  it; 
the  botanist  v'ho  follows  up  the  maxim 
of  Linnaeus  stations  the  plant  in  that 
genus,  although  it  is  essentially  at  vari¬ 
ance  with  the  character  of  the  genus; 
and  at  the  same  time  gives  it  a  name 
which  does  not  belong  to  it.  This  is 
as  if,  in  society,  a  person  w'ere  to  call  his 
son  John  Brown,  because  he  resembled 
an  acquaintance  whose  name  was 
Brown,  although  his  owm  name  was 
John  Green  ;  in  such  a  case  no  one 
could  discover  that  John  Brown  be¬ 
longed  to  the  family  of  John  Green. 
Here  the  absurdity  is  obvious,  and  yet 
it  is  not  seen  when  applied  to  Natural 
History ;  or  we  should  not  have  in  the 
writings  of  botanists  such  passages  as 
the  following  upon  the  occasion  of 
placing  a  plant  in  a  genus  with  whose 
character  it  does  not  correspond.  “  I 
refer  this  plant  to  the  genus  Eumorpha, 
in  consequence  of  its  great  resemblance 
in  habit  to  Eumorpha  patens  and  gran- 
diflora;  it  must  be  confessed,  however, 
that  its  fructification  is  far  from  corre¬ 
sponding  with  that  of  the  genus  in 
question.”  That  is  to  say,  it  is  referred 
to  the  genus,  although  it  does  not  be¬ 
long  to  it. 

While  we  thus'  contend  against  the 
principle  of  combining  dissimilar  things 
because  of  some  vague  common  point  of 
agreement,  we  would  nevertheless  cau¬ 
tion  the  student  against  embarrassing 
the  science  by  a  display  of  his  ingenuity 
in  detecting  little  characters  by  which 
it  is  possible  to  break  up  old  and  long 
recognized  genera  into  smaller  groups. 
After  all  that  can  be  said  concerning 


the  limits  of  genera,  and  the  principles 
upon  which  alone  they  ought  to  be  con¬ 
structed,  there  must  still  be  something 
in  those  principles  vague  and  undefined, 
and  which  must  be  left  to  the  judgment 
of  the  systematic  botanist;  and  there¬ 
fore  expediency  may  occasionally  be 
consulted  in  doubtful  cases.  There  is 
very  great  inconvenience  in  changing 
the  names  of  large  numbers  of  species, 
as  must  be  done  in  extensive-alterations 
of  old  and  long  established  genera  ;  for 
example,  the  spurious  genera  created 
by  one  Spach  in  a  silly  scheme  for 
remodellingthegenus  CEnothera,  would 
cause  for  that  one  genus  the  abolish¬ 
ment  of  49  names  and  the  creation  of 
G3  others.  Proceedings  of  such  a 
kind  increase  extremely  the  necessarily 
very  considerable  difficulties  connected 
with  so  intricate  a  branch  of  science  as 
systematic  botany,  and  therefore  should 
be  taken  with  great  caution  and  only  in 
cases  where  they  cannot  be  avoided : 
for  so  long  as  such  a  word  as  CEnothera 
lias  a  precise  value,  there  is  no  incon¬ 
venience  in  employing  it,  even  although 
it  should  appear  that  a  possibility 
exists  of  making  it  something  more 
precise  ;  while  there  is  the  greatest 
practical  inconvenience  in  admitting  so 
many  changes  in  nomenclature  as  its 
subdivision  would  render  necessary. 
But  when  we  find  a  man  introducing 
confusion  by  cutting  up  a  well  defined 
homogeneous  and  long  established  ge¬ 
nus,  because  in  some  species  the  seeds 
have  a  thicker  skin  than  in  others; 
because  the  seed-vessel  is  in  some 
narrow  and  in  others  broad,  in  some 
tough,  and  in  others  tender;  in  some 
4-ribbed,  in  others  8-ribbed,  and  in 
others  12-ribbed  ;  when  we  find  a  man 
acting  thus  —  we  may,  without  much 
risk  of  error,  set  him  down  as  a  verbal 
trifler,  of  unsound  judgment,  w'ith  no 
general  views,  and  who  is  incapable  of 
perceiving  the  distinction  between  fun¬ 
damental  differences  of  organization 
and  slight  modifications  of  one  and 
the  same  type  of  structure. 

In  order  to  ensure  some  uniformity 
in  the  construction  of  genera,  it  is  usual 
that  whatever  in  any  one  natural  order 
is  taken  as  a  generic  character  for  one 
genus,  should  be  also  taken  for  all  other 
genera  in  the  same  order;  as  forex- 
ample,  when  in  Orchidaceae  the  num¬ 
ber  of  pollen  masses  is  within  certain 
limits  taken  as  a  distinctive  mark  of 
certain  genera,  similar  differences  in 
number  in  the  same  organ  should  be 
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looked  upon  as  absolute  in  all  other 
genera  of  the  same  order.  In  the  words 
ofDe  Candolle,  “  whenever  a  particular 
•  character  has  been  employed  to  sepa¬ 
rate  a  certain  number  of  genera,  it 
ought  to  preserve  the  same  importance 
in  all  similar  cases,  that  is  to  say,  it 
must,  according  to  circumstances,  either 
unite  genera  separated  by  a  single  cha¬ 
racter,  or  separate  species  from  genera 
to  which  they  would  have  been  referred 
if  it  had  not  been  for  that  character; 
thus  in  Composite,  botanists  are  agreed 
in  admitting  a  setaceous  or  a  feathery 
pappus  as  absolute  distinctions  of  cer¬ 
tain  genera :  those  modern  writers  have 
consequently  been  right  who  have 
broken  up  certain  genera  of  Compositse 
in  which  species  with  bqth  setaceous 
and  feathery  pappus  had  been  heaped 
together.”  To  the  justice  of  this  doc¬ 
trine  we  cannot  but  assent ;  for  it  is 
the  only  certain  means  of  rendering 
generic  distinctions  consistent  and  of 
the  same  value  in  the  same  natural 
order.  It  must,  however,  be  observed 
that  in  proportion  as  this  doctrine  is 
absolutely  pressed  upon  the  botanist, 
does  it  become  requisite  to  ascertain 
that  the  distinctions  thus  taken  as 
peremptory  indications  of  genera  are 
unquestionably  important,  otherwise 
false  genera  without  end  will  be 
created.  For  instance,  what  number¬ 
less  genera  of  Cruciferae,  Umbelliferae, 
and  Compositae  will  have  to  be  sup- 
|  pressed,  if  it  should  ever  be  discovered 
that  the  characters  of  the  embryo, 
the  vittae,  the  albumen,  or  the  double 
pappus  of  those  orders  respectively, 
are  of  less  value  than  they  are  now 
estimated  at ! 

When  genera  were  first  put  into 
their  modern  form  by  Tournefort,  that 
botanist  drew  their  characters  partly 
from  the  fructification  and  partly  from 
the  organs  of  vegetation.  Linnaeus,  on 
the  contrary,  repudiated  the  latter  as 
uncertain,  and  insisted  upon  the  neces¬ 
sity  of  attending  exclusively  to  differ¬ 
ences  in  the  parts  of  fructification  ;  and 
his  example  has  been  very  generally 
imitated.  Nevertheless,  this  rule  may 
be  followed  too  rigorously,  for,  as 
Jussieu  has  truly  remarked,  “  it  is  not 
always  conformable  to  nature,  which 
not  un frequently  places  certain  charac¬ 
ters  in  the  stems  or  leaves  above  others 
taken  from  the  stamens,  orthe  pistil,  or 
the  floral  envelopes.  Thus,  the  character 
of  opposite  leaves  is  more  constant  in 
Valerian  and  Gentian  than  that  of  the 


three  stamens,  in  the  first  of  those 
genera,  and  of  five  in  the  second.  The 
leaves  are  always  alternate  in  the  Lark¬ 
spur  and  the  Paeony,  but  the  number 
of  their  ovaries  is  variable.  The  corolla 
is  both  absent  and  present  in  Ashes 
and  Maples,  but  those  trees  have  uni¬ 
versally  opposite  leaves.”  These  in¬ 
stances,  which  might  readily  be  in¬ 
creased,  suffice  .to  show  that  several 
characters  in  the  fructification  are  some¬ 
times  of  less  importance  than  others 
which  are  independent  of  it. 

With  regard  to  the  value  that  is  as¬ 
signable  to  the  different  peculiarities 
by  which  genera  are  to  be  characterized, 
this  depends  so  very  much  upon  cir¬ 
cumstances,  that  it  is  rather  a  matter 
to  be  determined  by  experience  than 
regulated  by  certain  laws.  Neverthe¬ 
less  the  following  rules  are  deserving 
of  serious  consideration  :  — 

1.  A  character  is  important  in  pro¬ 
portion  as  it  is  connected  with  modifi¬ 
cations  of  function. 

2.  A  character  is  unimportant  in 
proportion  as  it  is  connected  with  modi¬ 
fications  of  texture,  proportion,  num¬ 
ber  not  in  extremes,  form,  and  the  like. 

3.  Excellent  distinctions  are  those 
connected  with  numerical  proportion, 
absence  or  presence  of  certain  classes 
of  organs,  relative  position,  decided 
differences  in  the  degree  of  adhesion  of 
organs,  regularity  ami  irregularity,  high 
developement  or  low  developement,  ten¬ 
dency  to  loss  of  parts,  and  so  on. 

4.  “  Characters  are  not  to  be  estimated 
as  so  many  units,  but  each  according 
to  its  relative  value ;  so  that  one  single 
constant  character  may  be  equivalent 
or  even  superior  to  several  inconstant 
ones  taken  together.” — Jussieu. 

Tried  by  rules  of  this  sort,  not  a  few 
long-established  Linnsean  genera  may 
be  found  wanting,  as  in  Silenaceae  and 
perhaps  Malvaceae;  but  this  will,  we 
think,  in  the  eyes  of  botanists,  rather 
attest  the  goodness  than  show  the  in¬ 
validity  of  such  principles. 

Chapter  IV. 

Of  Orders ;  Alliances ;  Groups ;  or  other 

systematic  Combinations  subordinate 

to  Classes. 

It  has  already  been  said,  that  while  a 
genus  may  be  understood  as  the  repre¬ 
sentation  of  some  special  simple  type 
of  organization,  an  order  is  the  repre¬ 
sentation  of  a  more  compound  type  of 
organization  to  which  the  genus  is  sub- 
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ordinate.  In  reality,  orders,  groups, 
alliances,  or  by  whatever  names  such  as¬ 
semblages  are  called,  are  combinations 
the  one  of  the  other,  formed  upon  the 
same  principles  as  genera,  and  may 
be  considered  as  genera  of  ascending 
importance.  As  there  are  genera  which, 
like  Rosa,  Quercus,  and  Rubus,  seem 
actually  to  be  formed  by  nature  herself, 
although  others  are  confessedly  artificial 
assemblages,  so  are  there  orders  like 
Galiacese,  Apiacese,  Brassicaceae,  and 
alliances  like  Echiales,  Chenopodales, 
and  Lamiaceae,  and  groups  like  Labiosae, 
Aggregosae,  and  Glumosae,  which  bear 
a  similar  impress  of  original  separation 
from  the  others  that  surround  them. 
Nevertheless  we  are  only  justified  in 
considering  all  such  combinations  as 
assemblages  of  genera,  orders,  or  alli¬ 
ances  which  resemble  each  other  more 
than  they  resemble  any  thing  else. 

Such  words  as  genera,  orders,  alli¬ 
ances,  groups,  & c.,  are  then  conven¬ 
tional  terms,  having  the  same  general 
meaning,  and  differing  only  in  degree, 
just  as  villages,  hundreds,  counties, 
kingdoms,  and  empires,  or  any  such 
relative  expressions.  So  true  is  this, 
that  many  of  them  have  been  genera 
in  the  eyes  of  former  systematists ;  in¬ 
stances  of  this  are  Fungi,  Ferns,  Palms, 
Grasses,  Lichens,  Mosses,  &c. 

In  the  construction  of  these  groups, 
the  great  point  is  to  keep  steadily  in 
view  the  necessity  of  preserving  a  strict 
conformity  in  the  essential  parts  of 
fructification,  and  not  to  confound  mere 
instances  of  analogous  organization 
with  real  affinity.  Affinity  is  indicated 
by  an  accordance  in  all  poinls  of  struc¬ 
ture,  except  such  as  are  taken  as  dis¬ 
criminative  of  genera;  analogy  consists 
in  an  accordance  between  one  or  two 
parts  only.  If  this  is  not  attended  to, 
errors  without  end  are  the  inevitable 
result.  Thus  when  Professor  Don  al¬ 
lowed  himself  to  be  deceived  by  some 
analogies  between  Menodora  and  Colu- 
mellia,  he  committed  the  error  of 
uniting  in  one  order  a  plant  which  in 
reality  belongs  to  Jasminacese,  and 
another  that  comprehends  a  special 
and  peculiar  type  of  its  own  ;  and  most 
of  the  cases  of  errors  about  the  natural 
orders  to  which  plant  s  belong,  are  refer¬ 
able  to  the  same  cause ;  wit  ness  Calycan- 
dra,  a  leguminous  genus  placed  in  Cap- 
paridaceae ;  the  curious  genus  Moringa, 
once  referred  to  Leguminosse ;  Lutkea,  a 
Rosaceous  genus  stationed  in  Saxifraga- 
cese  ;  Adoxa,  an  Araliaceous  genus,  till 


lately  kept  in  Saxifragaceae,  and  so 
many  others. 

Chapter  V 

Of  Classes ;  and  the  Nature  of  the  Cha¬ 
racters  upon  which  they  are  founded. 

Classes  are  the  fundamental  divisions 
of  the  vegetable  kingdom,  representing 
the  largest  aggregations  of  species,  and 
expressing  the  most  essential  combining 
characters  which  they  possess.  They 
are  by  many  considered  merely  as  a 
higher  order  of  division,  and  analogous 
to  orders,  alliances,  groups,  and  so  on. 
While,  however,  the  latter  are  indis¬ 
putably  mere  artificial  groups  of  natu¬ 
rally  related  genera,  it  seems  pro¬ 
bable  that  classes  have  some  real 
existence  in  the  original  plan  of  nature. 
As  in  animals,  the  great  classes  of 
Quadrupeds,  Birds,  Fishes,  Reptiles, 
and  Insects,  stand  like  isolated  groups, 
which  might  almost  be  considered  in¬ 
dependent  kingdoms ;  so  do  Exogens, 
Gymnosperms,  Endogens,  Rhizanths, 
and  Acrogens,  each  also  appear  to  be 
created  by  nature  as  altogether  inde¬ 
pendent  forms  of  organized  matter. 

The  distinctions  of  groups  like  these 
are  not  confined  to  mere  variations  in 
certain  types  of  organization,  as  is  the 
case  with  the  assemblages  subordinate 
to  them;  but  they  are  founded  upon 
corresponding  differences  in  the  man¬ 
ner  of  growth,  of  propagation,  of  cir¬ 
culating  the  fluids,  of  reproduction,  and 
even  of  elementary  anatomical  struc¬ 
ture  ;  in  short  they  depend  upon  pecu¬ 
liarities  connected  with  their  whole 
nature,  and  not  with  mere  modifications 
of  particular  parts. 

If  this  distinction  is  a  just  one,  we 
think  it  can  hardly  be  doubted  that  the 
great  fundamental  divisions  of  the  vege¬ 
table  kingdom  are  altogether  of  another 
nature  from  the  subordinate  ones  ;  and 
that,  while  the  latter  are  necessarily  to  a 
certain  extent  artificial,  the  former  are 
literally  natural,  and  a  part  of  the  ori¬ 
ginal  plan  of  the  creation.  This  perhaps 
may  be  made  clearer  by  a  comparison. 

The  class  of  Exogens  is 

1.  Constructed  with  both  spiral  vessels 
and  cellular  substance. 

2.  Furnished  with  sexes. 

3.  Grows  by  augmentation  of  the  dia¬ 
meter  of  the  axis. 

4.  Propagated  by  seeds. 

5.  Germinates  from  two  definite  points 
of  its  embryo. 

The  class  of  Acrogens  is 
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1.  Constructed  of  cellular  substance 
chiefly,  without  spiral  vessels. 

2.  Destitute  of  sexes. 

3.  Grows  without  augmentation  of  the 
diameter  of  the  axis. 

4.  Propagated  by  spores. 

5.  Germinates  indefinitely  from  any 
part  of  the  surface  of  the  embryo. 

Every  one  of  these  five  peculiarities  is 
connected  with  the  habits  of  life,  man¬ 
ner  of  growth,  or  power  of  multiplica¬ 
tion,  that  the  plants  in  these  two  classes 
severally  possess.  Contrast  with  these 
the  distinctions  between  two  of  each 
of  the  assemblages  of  different  degrees, 
subordinate  to  the  classes  and  above 
the  genera. 

A.  The  sub-class  The  sub-class  of 
of  Monopetalous  Polypetalous  Exo- 
Exogens  has  gens  has 

1.  The  petals  com-  1.  The  petals  dis- 
bined  into  a  tube,  tinct  from  each 
other. 


B.  The  group  The  group  Parie- 
Epigynosae  of  Poly-  tosse  of  Polypeta- 
petalous  Exogens  lous  Exogens  has 
has 

1.  Ovary  inferior,  1.  Ovary  superior, 
with  either  parietal  with  parietal  pla- 
or  central  placentae,  centae  only. 


C.  The  alliance  The  allianceMyr- 
Onagrales  of  Epi-  tales  of  Epigynous 
gynous  Exogens  Exogens  has 
has 

1.  All  the  parts  of  1.  The  parts  of 
fructification  sym-  fructification  un- 
metrically  disposed  symmetrical, 
upon  a  binary  type. 


D.  The  order  The  order  Alan- 

Combretaceae  has  giacese  has 

1.  Petals  short  1.  Petals  long, 
and  roundish.  linear. 

2.  Anthers  versa-  2.  Anthers  ad- 

tile.  nate. 

3.  Albumen  ab-  3.  Albumen 

sent.  fleshy. 

4.  Cotyledons  con-  4.  Cotyledons  flat, 
volute. 

We  have  been  constrained  to  take 
these  cases  from  Professor  Lindley’s 
Natural  System,  because  no  other  Eng¬ 
lish  botanical  writer  has  attempted, 
upon  any  fixed  plan,  to  depart  from  the 
artificial  subdivisions  of  Jussieu  and 
De  Candolle.  Such  examples  are,  we 
presume,  sufficient  to  show  that  there 
is  an  essential  difference  between  the 
classes  and  other  divisions  of  the  vege¬ 
table  world. 


Chapter  VI. 

Of  the  Transitions  that  are  observable 

between  the  different  assemblages  in 

the  Vegetable  Kingdom. 

That  there  is  no  such  thing  in  nature 
as  an  abrupt  transition  ( saltus )  from 
one  thing  to  another,  has  long  been  a 
favourite  speculation  with  philosophers, 
and  has  not  failed  to  be  applied  to 
natural  history.  Ray,  in  the  preface  to 
his  “  Historia  Plantarum,”  remarks, 
that  “  as  nature  never  passes  from  one 
extreme  to  another,  except  by  some¬ 
thing  between  the  two,  so  she  is  accus¬ 
tomed  to  produce  creations  of  an  inter¬ 
mediate  and  doubtful  condition,  which 
partake  of  both  extremes,  and  so  com¬ 
pletely  connect  them,  as  to  render  it 
altogether  uncertain  to  which  they 
most  belong.” 

This  truth  could  hardly  be  appreci¬ 
ated  by  the  naturalist  who  was  conver¬ 
sant  only  with  the  natural  productions 
of  some  small  portion  of  the  world,  and 
it  would  be  the  more  readily  rejected 
by  such  a  person,  because,  if  true,  it 
would  obviously  go  to  the  annihilation 
of  all  definitions  in  natural  history ;  for 
if  every  object  is  admitted  to  pass  into 
some  other  object  by  an  insensible  gra¬ 
dation,  it  would  be  necessary  to  admit 
also  that  no  real  limits  are  to  be  found 
between  one  thing  and  another,  and 
that  absolute  distinctions  can  have  no 
existence. 

But  so  many  evidences  of  the  truth 
of  this  theory  are  daily  forcing  them¬ 
selves  upon  the  mind  of  a  naturalist 
to  whom  all  the  varied  forms  of  species 
in  different  climates  are  submitted  for 
examination,  and  who  finds  it,  in  a  mul¬ 
titude  of  cases,  so  utterly  impossible  to 
frame  any  verbal  or  ideal  definitions 
to  which  there  shall  be  no  exception, 
that  he  is  constrained  to  recognize  the 
doctrine  of  transition,  at  whatever  in¬ 
convenience  to  the  study  of  the  science ; 
not  however  applying  it  to  species,  for 
among  them,  as  has  already  been  shown, 
apparent  transitions  are  chiefly  acci¬ 
dental,  but  confining  it  to  each  and 
every  combination  above  species,  and 
inferior  to  classes.  This  is  so  true, 
that  Linnaeus  is  recorded  to  have  con¬ 
fessed  to  one  of  his  friends  that  he 
could  not  tell  what  constituted  a  genus ; 
and  Jussieu,  in  the  preface  to  his  “  Ge¬ 
nera  Plantarum,”  declares  that,  as  to  a 
genus,  there  can  be  no  certain  definition 
of  such  a  thing,  nor  any  accurate  direc¬ 
tions  given  for  the  construction  of  it  in 
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the  natural  system,  because  species  are 
collected,  together  by  their  affinity  in 
so  imperceptible  a  web,  that  the  only 
meaning  that  is  to  be  attached  to  a 
natural  genus  is,  that  it  keeps  together 
(prevents  the  separation  of)  species 
naturally  related  to  each  other,  and 
does  not  interrupt  the  order  of  their 
arrangement. 

A  few  common  instances  will  illus¬ 
trate  this.  A  strawberry  is  apparently 
a  very  different  genus  from  a  Cinque¬ 
foil  ;  yet  if  a  species  occurs  with  all  the 
characters  of  Fragaria,  but  without 
the  succulence  of  its  receptacle,  such  a 
species  becomes  a  Cinquefoil ;  this 
happens  in  Fragaria  sterilis,  now  called 
Potentilla  Fragaria.  Amygdaleous 
plants  are  distinguished  from  Pomeee 
by  their  solitary  carpels  and  hydrocy¬ 
anic  acid  ;  but  some  varieties  of  Prunus 
have  several  carpels,  and  Cotoneaster 
rnierophylla,  a  Pomeous  plant,  has  hy¬ 
drocyanic  acid ;  in  these  instances  there 
is  a  double  transition.  Nothing  can 
well  be  more  dissimilar  than  a  Bean 
and  an  Almond  tree,  and  both  are  types 
of  certain  natural  groups :  but  Fabaceae, 
to  which  the  Bean  belongs,  exhibit  so 
many  gradations  of  structure,  that  at 
last  they  pass  into  a  plant  called  Deta- 
rium,  which  has  the  drupaceous  fruit 
and  icosandrous  stamens  of  Amyg- 
daleae;  so  that  if  an  Amygdaleous 
plant  should  be  discovered  with  pin¬ 
nated  leaves,  there  would  no  longer  be 
a  positive  distinction  between  that 
group  and  Fabaceae.  In  Lamiaceae,  the 
ovary  is  deeply  divided  into  four  lobes  ; 
in  Verbenaceae  it  is  undivided.  This,  if 
permanent,  would  positively  distinguish 
two  natural  groups  in  most  respects 
much  alike  ;  and  it  really  does  form  the 
only  structural  difference  between 
them  ;  but  in  Verbena  itself  the  ovary 
is  slightly  lobed  ;  Chloanthes,  a  Verbe- 
naceous  genus,  has  the  habit  of  Lami¬ 
aceae,  and  Hoslundia,  a  Lamiaceous 
genus,  has  the  habit  of  Verbenaceae. 

To  cases  of  this  sort  there  is  in  fact 
no  end.  On  this  account  some  bota¬ 
nists  have  come  to  the  conclusion  that 
in  characterizing  the  groups  between 
the  highest  (classes)  and  the  lowest 
assemblages  (species),  it  is  better  to 
give  up  all  attempts  at  definition,  and 
to  substitute  brief  descriptions  of  the 
prevalent  or  typical  characters,  con¬ 
sidering  all  the  minor  groups  as  mere 
tendencies  ( nixus )  towards  this  or  that 
form  of  organization,  the  general  nature 
of  which  is  susceptible  of  description, 


but  the  precise  nature  of  which  is  inca¬ 
pable  of  definition.  Generic  and  ordinal 
characters  are  in  this  view  mere  ex¬ 
pressions  of  certain  ideas  connected 
with  structure ;  and  plants  will  corre¬ 
spond  with  those  ideas  more  or  less  in 
proportion  as  they  approach  the  typical 
form  in  their  organization.  This  view, 
which  has  been  taken  by  Professor 
Bindley  in  his  “  Nixus  Plantarum,” 
and  subsequent  systematic  works,  is 
founded  upon  the  theory  well  explained 
by  Fries,  that  our  conceptions  of  the 
nature  of  genera,  orders,  and  similar 
collections  of  species,  are  most  correctly 
expressed  by  a  sphere,  the  centre  of 
which  represents  typical  organization, 
with  rays  (or  deviations)  proceeding 
from  it  on  every  side. 

“Let  us  imagine,"  he  says,  “all 
nature  to  be  an  immense  sphere,  with 
rays  converging  in  the  centre,  where 
they  finally  become  confluent  in  a  point, 
which  may  be  called  the  point  of  iden¬ 
tity.  This  point  comprehends  the  per¬ 
fection  of  all  the  rays ;  for  that  the  most 
perfect  and  most  completely  formed 
creations,  as  the  sun,  are  always  situ¬ 
ated  in  the  centre,  is  testified  by  all 
authority,  by  all  experience.  The  powers 
of  nature,  diverging  from  each  centre  in 
polar  opposition,  are  continually  pass¬ 
ing  into  opposite  series.  A  new  sphere 
is  formed  by  each  opposition,  whence 
the  highest  (most  perfect)  sphere  is 
again  and  again  resolved  into'  new 
spheres,  which  form  wholes  of  them¬ 
selves,  and  each  of  which,  according  as 
its  power  is  a  more  or  less  perfect  evo¬ 
lution,  in  itself  represents  the  whole  in 
a  more  or  less  distinct  degree.  The 
centres  of  these  spheres  may  be  exceed¬ 
ingly  distant  from  each  other,  but  their 
rays  always  impinge  upon  the  rays  of 
some  other  sphere :  hence  those  which 
run  into  each  other  are  not  the  most 
perfect  forms  ( summa )  of  each  section, 
but  the  least  perfect  ( infima ).” 

The  imaginary  points  where  the  sup¬ 
posed  rays  cross  each  other  are  the 
stations  of  transitions  of  whatever  kind ; 
and  supposing  the  spherical  theory  to 
be  admissible,  transition  cases  must 
necessarily  exist  in  all  directions. 

This  speculation  is  at  variance  with 
a  more  common  one,  that  all  organic 
beings  arecreatedin  an  ascendingorde- 
scending  series  of  developement ;  that, 
forinstance,  starting  from  man,  the  most 
perfect  of  all  animals,  an  uninterrupted 
series  of  forms  will  be  discovered  down 
to  mere  microscopic  animalcules;  or 
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that  between  a  forest  tree  and  vesicular 
confervee  there  exists  an  uninterrupted 
chain  of  beings,  ‘connecting  the  one 
with  the  other  by  insensible  transitions. 
Bats,  it  has  been  said,  form  the  tran¬ 
sition  from  mammalia  to  birds,  web- 
footed  birds  pass  to  reptiles,  sponges 
combine  polypes  with  vegetables,  and 
the  theory  has  been  pushed  so  far  as  to 
assert,  that  the  diamond  forms  the  pas¬ 
sage  from  the  vegetable  to  the  mineral 
kingdom.  This  speculation  will  pro¬ 
bably  find  few  advocates  at  the  present 
day,  so#entirely  is  it  opposed  to  facts, 
if  taken  in  the  form  in  which  it  was 
originally  propounded  ;  but  if  it  is  modi¬ 
fied  so  far  as  to  apply  not  to  one  series 
but  to  many  series,  it  then  at  once  ex¬ 
plains  and  sustains  the  theory  of  Fries, 
whose  observations  upon  this  subject 
deserve  to  be  quoted. 

“All  natural  bodies  originate  in  suc¬ 
cessive  developement,  yet  in  a  continu¬ 
ous  series  within  a  determinate  sphere. 
Every  new  sphere  originates  in  a  di¬ 
gression  from  a  series  which  is  other¬ 
wise  continuous.  Whenever  a  more 
perfect  sphere  is  separated  from  one 
which  preceded  it,  and  has  acquired  a 
higher  station  than  its  parent,  it  may 
be  itself  pressed  down  by  such  new 
ones  as  emerge  from  itself ;  but  the 
depressed  sphere  is  also  capable  of  con¬ 
tinuation  in  its  descent;  and  under  this 
mode  of  developement  the  same  prin¬ 
ciples  and  the  same  types  are  regene¬ 
rated  under  more  perfect  forms  in  the 
higher  spheres.” 

“  Those,  therefore,  are  mistaken  who 
assume  that  nature  proceeded  in  a 
simple  series  to  her  most  perfect  pro¬ 
ductions.  Thus,  for  example,  all  para¬ 
sites,  both  animals  and  plants,  must 
necessarily  have  been  created  later  than 
their  matrix  (and  should  therefore  be 
the  most  perfect  parts  of  the  creation). 
But  Fungi,  which  are  the  latest  in  the 
series  of  vegetable  developement,  are 
the  most  simple  of  all  in  their  struc¬ 
ture.  As  the  evolution  of  the  animal 
and  vegetable  kingdom  ipay  be  said  to 
have  proceeded  with  nearly  equal 
paces,  so  the  different  sections  of  vege¬ 
tables  cannot  be  said  to  have  arisen  out 
of  a  simple  series,  but  out  of  parallel  or 
radiant  series.  Many  Algae  must  have 
been  created  more  recently  than  the 
most  perfect  plants,  Entozoa  than  the 
most  perfect  animals.” 


CHATTER.  VII. 

Of  the  value  to  be  assigned  in  Syste¬ 
matic  Botany  to  the  characters  used 
in  the  construction  of  the  assem¬ 
blages  intermediate  between  classes 
and  species. 

It  will  probably  conduce  to  the  prac¬ 
tical  application  of  the  principles 
hitherto  explained,  if  some  statement 
is  made  of  the  general  value  of  the  cha¬ 
racters  that  are  most  commonly  em¬ 
ployed  in  forming  genera,  orders,  and 
other  assemblages  superior  to  species 
and  below  the  classes.  It  is  expected 
that,  although  this  may  be  a  very  dry 
and  uninteresting  subject,  it  will  be 
useful  to  a  student  who  can  have  no 
experience  to  guide  him  in  determining 
what  points  of  structure  are  most  or 
least  essential  in  a  given  case. 

The  root,  properly  so  called,  offers  no 
characters  that  have  been  found  uni¬ 
form  in  particular  families  ;  in  fact, 
the  modifications  of  which  it  is  suscep¬ 
tible  are  so  few,  that  it  is  difficult  to 
conceive  in  what  way  they  can  be  ap¬ 
plied.  Certain  forms  of  root-like  stems 
and  buds  have,  however,  been  observed, 
to  which  some  attention  should  be 
paid.  In  the  first  place,  neither  bulb 
nor  rhizoma  is  known  in  Exogens, 
while  in  Endogens  they  are  sometimes 
characteristic  of  particular  orders. 
Thus,  all  Marantaceae  andZingiberaceae 
and  most  Iridaceae  have  a  rhizoma  in 
one  form  or  other,  and  bulbs  are  a  usual 
character  of  Liliaceae  and  Amarylli- 
daceae;  in  the  former,  however,  the  bulb 
is  often  represented  by  a  rhizoma,  or 
cormus,  as  in  Brodiaea,  Leucocoryne 
and  their  allies,  or  by  those  succulent 
fibres  called  fasciculate  roots,  as  in 
Asphodel  us  itself;  and  in  the  latter  the 
bulb  is  sometimes  entirely  absorbed  by 
succulent  perennial  roots,  as  inClivia. 

External  variations  in  the  figure  of  the 
stem  are  sometimes  available  as  dis¬ 
tinctions  of  orders.  Thus,  a  twining 
stem  is,  almost  without  exception,  found 
in  Menispermaceae,  a  square  stem  is  uni¬ 
versal  in  Lamiaceae,  and  an  angular  one 
in  Galiaceae;  but  more  frequently  its 
figure  affords  no  indication  whatever  of 
affinities. — Texture  of  the  stem  is  of 
scarcely  more  value.  Cactaceae,  it  is 
true,  have  always  the  cellular  tissue  in 
excess  ;  but  even  in  this  order,  the 
Pereskias  are  scarcely  more  succulent 
than  other  plants;  and  Euphorbiaceae 
and  Asclepiadaceae  exhibit  instances 
both  of  the  most  decided  state  of  succu- 
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lence,  and  of  the  normal  condition  of 
stems  in  general. — In  the  internal  ar¬ 
rangement  of  the  layers  of  stems,  not 
many  modifications  have  been  observed 
beyond  those  already  noticed  as  dis¬ 
tinguishing  classes;  nevertheless  there 
are  some  that  deserve  serious  attention. 
In  Aristolochiaceae  there  are  no  zones 
to  the  wood ;  in  Piperaceae  and  Nycta- 
ginaceae  there  is  a  structure  almost  in¬ 
termediate  between  that  of  Exogens 
and  Endogens,  out  of  which  Schidtz 
has  proposed  to  form  a  new  class  (Na- 
iiirliches  System  des  PJlanzenreichs) ; 
Passifloraceae  are  exceedingly  remark¬ 
able  for  having  their  woody  system 
nearly  cut  into  equal  quarters  ;  and 
Calycanthaceae  are  known  by  the  pre¬ 
sence  of  four  incomplete  centres  of  vege¬ 
tation  surrounding  the  principal  one, 
and  so  forming  four  angles  which  are 
visible  externally.  —  (See  Mirbel's 
figure,  in  the  Annales  des  Sciences ,  vol. 
xiv.  p.  367.) 

The  leaves  are  subject  to  modifica¬ 
tions  which,  in  determining  the  mutual 
relations  of  plants,  are  not  less  import¬ 
ant  than  the  functions  which  they  per¬ 
form  in  the  vegetable  economy.  Their 
characters  depend  upon  their  relative 
position,  their  degree  of  division,  their 
venation,  and  the  presence  or  absence 
of  pellucid  dots  within  their  substance. 
All  Cinchonaceae  have  opposite  entire 
leaves ;  in  Lamiaceae,  Apocynaceae, 
Gentianaceae,  Monimiacese,  and  many 
others,  they  are  also  uniformly  opposite ; 
but  in  the  genus  Fuchsia,  in  which  they 
are  usually  opposite,  species  exist  in 
which  they  are  not  only  alternate,  but 
both  the  one  and  the  other  on  the  same 
plant ;  and  alternate  leaved  species 
exist  in  Aggregosae,  Scrophulariaceae, 
and  Malpighiaceae,  the  leaves  of  which 
are  generally  opposite.  In  Corylaceae, 
Apiaceae,  Ternstromiaceae,  Hamamela- 
ceae,  and  Urticaceae,  they  are  uniformly 
alternate;  but  in  Combretaceae,  Eri¬ 
caceae,  and  Fabaceae,  orders  usually 
having  alternate  leaves,  they  are  occa¬ 
sionally  opposite.  We  hardly  know 
how  far  this  irregularity  is  connected 
wiih  the  following  observations  of 
Schlechtendahl,  which,  however,  de¬ 
serve  attention.  “  Those  leaves,”  he 
says,  “  which  are  connected  either  by 
their  base,  or  by  the  intervention  of  a 
stipule,  I  call  opposite  ;  and  those  which 
are  not  so  connected,  spuriously  oppo¬ 
site  (pseudo-opposita).  Opposite  leaves 
are  never  disjoine  d  (Cinchonaceae  and 
Silenaceee) ;  spuriously  opposite  ones, 


which  are  much  more  common,  being 
easily  disjoined,  readily  become  altern¬ 
ate.  Branches  obey  the  same  law  as  the 
leaves.” — Linncea,  i.  207.  Some  Ra- 
nunculaceae  (Clematis)  and  many  Aste- 
rales  seem  to  offer  exceptions  to  the 
statement.  —  All  Spondiaceae,  Rhizo- 
bolaceae,  &c.  have  compound  leaves  ; 
in  many  others  they  are  always  simple ; 
and  in  such  orders  as  Aceraceae,  Au- 
rantiaceae,  Geraniaceae,  Rutaceae,  and 
Sapindaceae,  both  simple  and  compound 
leaves  are  found.  This  character, 
therefore,  is  not  considered  of  so  much 
value  as  many  others.  Neither  is  the 
degree  of  division  of  the  margin  usually 
important,  toothed  and  entire  leaves 
being  often  found  in  the  same  order. 
Nevertheless  there  is  no  instance  of 
toothed  leaves  in  Cinchonaceae,  Gen- 
tianaceae,  Clusiaceae,  or  Malpighiaceae  ; 
and  they  are  very  rare  in  Endogenous 
plants. — Characters  derived  from  the 
arrangement  of  veins  are  known  to  be 
in  many  cases  of  the  utmost  import¬ 
ance  ;  and  it  is  probable,  that  when 
this  subject  shall  have  been  more  accu¬ 
rately  studied,  they  will  be  found  of 
even  more  value  than  has  been  yet 
supposed.  It  is  already  known  that 
the  internal  structure  and  peculiar 
growth  of  Exogens  and  Endogens  are 
externally  indicated  by  the  arrange¬ 
ment  of  the  veins  of  their  leaves, — those 
of  Exogens  diverging  abruptly  from 
the  midrib,  and  then  branching  and 
anastomozing  in  various  ways,  so  as  to 
form  a  reticulated  plexus  of  veins  of 
unequal  size;  while  those  of  Endogens 
run  straight  from  the  base  to  the  apex, 
or  diverge  gradually  from  the  midrib, 
not  ramifying  in  their  course,  but  being 
simply  connected  with  each  other  by 
transverse  bars,  examples  of  which  are 
afforded,  on  the  one  hand,  by  the  Rose, 
and  on  the  other  by  the  Iris  and  Ar¬ 
row-root.  Although  a  few  exceplions 
exist  to  both  these  rules,  yet  the  gene¬ 
ral  characters  of  the  leaves  of  those 
classes  are  such  as  we  describe.  But 
independently  of  this,  many  other  or¬ 
ders  are  distinguished  by  modifications 
of  venation.  Thus,  all  Melastomaceae 
have  three  or  more  collateral  ribs  con¬ 
nected  by  branched  transverse  bars, 
something  in  the  way  of  Endogens; 
all  Myrtaceae  have  one  or  two  fine 
veins  running  parallel  with  the  margin, 
and  just  within  it  ;  most  Corylaceae 
have  thq,principal  lateral  veins  running 
straight  out  from  the  midrib  to  the 
margin:  Betulaceae  are  distinguished 
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by  this  among  other  characters  from 
Salicaceae;  and  the  same  peculiarity 
separates  the  genuine  genera  of  Dille- 
niacese,  called  Delimeae  by  De  Candolle, 
from  those  of  which  Hibbertia  is  the 
representative.  All  Gentian aceae,  whose 
leaves  are  broad  enough  to  have  more 
veins  than  the  central  one,  are  rib¬ 
leaved. — Leaves  which  contain  reser¬ 
voirs  of  oily  secretions,  indicated  by  the 
presence  of  pellucid  glands  within  their 
substance,  are  almost  always  universal 
in  a  given  order.  Thus,  Myrtaceae, 
properly  so  called,  (with  the  exception 
of  the  paradoxical  Pomegranate,)  are 
distinguished  by  these  glands  fromMe- 
lastomaceae ;  in  one  genus  of  which, 
however,  (Diplogenea,)  slight  traces  of 
them  are  to  be  found:  they  are  present 
in  all  Aurantiaceae;  by  this  character 
Winteracese  are  distinguished  from 
Magnoliaceae,  Amyridaceae  from  Con- 
naraceae,  &c.  &c.  Samydaceae  are  re¬ 
markable  for  their  dots,  being  partly 
linear  and  partly  round.  In  the  orders 
Phytolacaceae,  Petiveraceae,  Lamiaceae 
and  Zygophylalceae,  there  are,  however, 
genera  with  and  without  pellucid  dots. 
— The  secretions  of  plants  are  rarely  at¬ 
tended  to  in  any  other  cases  than  those 
just  mentioned,  except  when  a  milky 
fluid,  generally  indicating  poisonous 
properties,  is  present;  but  to  the  pre¬ 
sence  or  absence  of  the  latter  a  good  deal 
of  importance  is  attached,  perhaps  not 
very  correctly.  Milk  is  characteristic 
of  Papaveraceae  proper,  of  the  Artocar- 
peous  section  of  Urticaceae,  of  Euphor- 
biaceae,  Apocynaceae,  and  several  other 
groups ;  but  it  also  occurs  in  some  Api- 
aceae,  and  is  not  discoverable  in  those 
orders  to  which  it  is  proper  except  at 
particular  periods  of  the  year.  Some 
Acers  (platanoides,  macrophyllum  and 
Negundo)  milk;  others  (pseudo -pla- 
tanus,  &c.)  do  not  milk.  It  has  been 
said  to  be  universally  absent  from  En- 
dogens,  but  it  is  abundant  enough  in 
the  roots  of  Alisma  Plantago,  in  Lim- 
nocharis,  &c. 

At  the  base  of  some  leaves  are  fre¬ 
quently  found  little  membranous  or 
foliaceous  appendages,  called  Stipules, 
which  are  in  fact  leaves  in  an  imperfect 
state  of  developement.  Their  presence 
may  therefore  be  understood  to  indicate 
a  peculiar  degree  of  composition  in  the 
leaves  to  which  they  belong,  and  they 
sometimes  indicate  affinities  in  a  very 
remarkable  manner.  In  studying  them, 
however,  care  must  be  taken  not  to 
confound  genuine  foliaceous  appen¬ 


dages,  to  which  alone  the  name  of 
stipules  properly  appertains,  with  dila¬ 
tations,  or  membranous  or  glandular 
processes  of  the  petiole,  such  as  are 
found  in  Ranunculaceae,  Grossulacese, 
Apocynaceae,  Apiaceae,  and  others. 
The  presence  of  stipules  is  universal 
in  Cinchonaceae,  which  are  thus  dis¬ 
tinguished  from  Galiaceae,  in  Betula- 
ceae,  Salicaceae,  Magnoliaceae,  and  many 
others.  The  orders  Cistaceae,  Saxifra- 
gaceae,  Loganiaceae,  and  Rosaceae,  are 
among  the  few  cases  in  which  genera 
exist  both  with  and  without  stipules. 

The  starved  leaves  found  at  the  base 
of  many  flowers,  and  technically  called 
Bracts,  are  rarely  employed  as  distinc¬ 
tions  of  orders,  offering  scarcely  any 
modifications  of  importance.  In  Bras- 
sicaceae,  however,  they  are  never  pre¬ 
sent,  and  in  Marcgraviaceae  they  are 
usually  hollow,  being  folded  together 
by  their  two  edges,  like  the  leaves  of 
which  carpels  are  formed. 

Forms  of  Inflorescence  are  occasion¬ 
ally,  but  not  often,  found  characteristic 
of  particular  tribes.  Thus  all  Astera- 
ceae,  Calyceraceae  and  Dipsaceae  have 
their  flowers  in  heads ;  all  Apiaceae  bear 
umbels ;  all  Plantaginaceae,  Cyperaceae 
and  Graminaceae,  have  dense  simple 
imbricated  spikes  ;  all  Betulaceae,  Cory- 
laceae  and  Salicaceae  bear  catkins ; 
Pinaceae  have  a  strobilus  or  cone  ;  and 
all  Echiales  have  a  gyrate  inflores¬ 
cence. 

The  calyx  is  used  in  a  variety  of  ways 
to  distinguish  orders;  but  the  charac¬ 
ters  it  affords  are  far  from  being  of 
equal  or  uniform  importance.  Its  ab¬ 
sence  implies  the  absence  of  the  corolla 
also,  which  cannot  possibly  be  present 
when  the  calyx  is  away,  unless,  as  in 
Composite,  it  is  obliterated  by  the 
pressure  of  surrounding  bodies.  By  its 
absence  all  the  orders  called  Achlamy- 
deous  are  characterized,  such  as  Salica¬ 
ceae,  Piperaceae,  Saururaceae,  &c. ;  but 
in  Betulaceae  it  is  present  in  the  male 
flowers,  and  in  Euphorbia  itself ;  among 
Polypetalous  Dicotyledons  it  is  wholly 
wanting.  These  exceptions  do  not, 
however,  affect  the  general  importance 
of  characters  derived  from  its  presence 
or  absence.  If  it  is  unaccompanied  by 
the  corolla,  plants  are  said  to  be  Mono- 
chlamydeous,  and  this  is  a  point  of 
pretty  uniform  value.  We  know  of  no 
true  Monochlamydeous  orders  in  which 
the  presence  of  a  corolla  forms  an  ex¬ 
ception,  unless  the  faucial  scales  of 
Thymelacese  are  considered  the  rudi- 


152 


BOTANY. 


ments  of  a  corolla. — The  sepals  orleaves 
of  which  it  is  composed  are  either  dis¬ 
tinct  or  combined  ;  and  from  this  cir¬ 
cumstance,  characters  are  sometimes 
advantageously  derived.  Thus  in  Scle- 
ranthaceae  and  Silenaceae  the  calyx  is 
always  monosepalous ;  in  Frankenia- 
ceae  it  is  constantly  ribbed,  &c. — The 
number  of  sepals  is  sometimes  a  charac¬ 
ter  of  importance,  as  in  Brassicaceae,  in 
which  they  are  always  four,  in  Papave- 
raceae,  which  have  rarely  more  than 
two,  and  in  the  greater  part  of  Endo¬ 
genous  plants,  which  have  usually 
three.  This  character,  however,  re¬ 
quires  to  be  used  with  circumspection, 
as  there  are  more  instances  of  the 
number  of  sepals  being  variable  than 
regular.  Thus  in  Linaceae  and  Mal- 
vaceaethey  are  three, four, five;  in  Clusia- 
ceae,  they  vary  from  two  to  six ;  in  Ho- 
maliaceae,  from  five  to  fifteen ;  and  in 
Samydaceae,  from  three  to  seven.— The 
aestivation  of  the  calyx  is  always  to  be 
well  considered,  as  certain  forms  are 
often  among  the  best  known  indications 
of  affinity.  Malvaceae,  Tiliaceae,  Elaeo- 
carpaceae,  Tremandraceae,  Sterculiaceae, 
have  it  exclusively  valvate  among  poly- 
petalous  dicotyledons  with  hypogynous 
stamens  ;  Ternstrbmiaceae  and  the  rest 
of  the  calycose  group  of  Exogens  have 
the  sepals  constantly  imbricated  in  a  par¬ 
ticular  way  ;  Vitaceae  have  the  lobes  of 
the  calyx  distinct  and  wide  apart  from 
a  very  early  period  of  their  existence : 
but  in  Penaeaceae  both  valvate  and  im¬ 
bricate  aestivation  exists.  —  In  some 
plants  the  sepals  are  of  equal  size ;  in 
others  they  are  very  unequal  either  in 
form,  direction,  or  texture ;  in  the  former 
case  they  are  said  to  be  regular,  in  the 
latter  irregular,  and  by  this  difference 
certain  orders  are  characterized.  Thus  Sa- 
pindaceae  and  Polygalaceae  have  a  calyx 
constantly  regular ;  but  it  frequently 
happens  that  both  regular  and  irregular 
calyces  co-exist  in  the  same  order,  as 
in  Rosacese,  Lamiaceae,  Fabaceae,  and 
many  others. — In  most  orders  the  sepals 
form  one  series  only ;  others  have  them 
in  two  rows,  and  this  has  not  been  found 
to  be  connected  with  any  material  dif¬ 
ferences  otherwise;  but  when  the  num¬ 
ber  of  series  is  increased  much  beyond 
two,  they  cease  to  be  separately  dis¬ 
tinguishable,  and  form  an  imbricated 
calyx,  which  is  frequently  confounded 
with  the  corolla,  as  in  Calycanthaceae. 
We  know  of  no  order  in  which  genera 
with  an  imbricated  calyx  of  this  kind 
and  a  common  calyx  co-exist.  It  is 


one  of  the  principal  points  w  hich  sepa¬ 
rate  Calycanthaceae  from  Rosaceae. — 
The  most  important  character  connected 
with  the  calyx  is,  however,  its  cohesion 
or  non-cohesion  with  the  ovary;  or,  as 
botanists  incorrectly  call  it,  its  being 
superior  or  inferior.  Some  orders  are 
positively  characterized  by  this,  as  Aste- 
raceae,  Apiaceae,  Caprifoliaceae,  Orchi- 
daceae,  and  many  more ;  and  as  it  often 
happens  that  it  exists  without  excep¬ 
tion,  it  thus  becomes  a  useful  means 
of  distinction.  Scaevolacese  are,  for  in¬ 
stance,  by  this  means  at  once  known 
from  Brunoniaceae,  and  Cinchonaceae 
from  Apocynaceae.  No  instance  of  a 
superior  calyx  has  been  found  in  Ranun- 
culaceae,  Brassicaceae,  Papaveraceae, 
Rutaceaa,  and  a  number  of  others.  But 
there  are  some  singular  exceptions  to 
this  rule.  Thus,  among  Anonaceae,  an 
order  with  indefinite  superior  ovaries, 
we  find  Eupomatia,  in  which ‘they  are 
inferior;  in  Melastomaceae  all  degrees 
of  cohesion  take  place  between  the 
calyx  and  the  ovary;  and  in  Saxifra- 
gaceae  this  uncertainty  of  structure  is 
still  more  remarkable.  It  should,  how¬ 
ever,  be  observed,  that  in  the  two  latter 
orders  the  tendency  to  cohesion  between 
the  calyx  and  the  ovary  may  be  almost 
ascertained  by  careful  dissection;  and 
even'in  Parnassia,  an  anomalous  genus 
which  is  referred  to  Saxifragaceae,  usu¬ 
ally  having  an  ovary  completely  supe¬ 
rior,  there  exists  a  species  in  which  it  is 
partially  inferior.  We  have  said  that 
the  difference  between  a  superior  and 
inferior  calyx  consists  only  in  the  co¬ 
hesion  of  that  organ  with  the  ovary  in 
the  one  case,  and  its  separation  from  it 
in  another;  and  this  is  the  view  which 
is  always  taken  of  it,  all  that  part  which 
intervenes  between  the  segments  and 
the  pedicel  being  considered  the  tube 
of  the  calyx.  But  it  is  to  be  suspected 
that  theory  has  carried  botanists  too 
far,  and  that  there  are  cases  in  which 
the  apparent  origin  of  the  calyx  is  the 
real  origin.  Upon  this  supposition, 
what  is  now  called  the  tube  of  the  calyx 
may  be  sometimes  a  peculiar  extension 
or  hollowing  out  of  the  apex  of  the 
pedicel,  of  which  we  see  an  example  in 
Eschscholtzia,  and  of  which  Rosa  and 
Calycanthus,  and  perhaps  all  supposed 
tubes  without  apparent  veins,  may  also 
be  instances.  In  this  case  the  whole  of 
our  ideas  about  superior  and  inferior 
calyxes  will  require  modification. 

The  second  floral  envelope,  or  the  co¬ 
rolla,  consists  of  a  number  of  leaves  equal 
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to  those  of  the  calyx,  and  alternating 
with  them,  in  addition  to  which  they  are 
usually  coloured.  If  the  corolla  is  pre¬ 
sent,  a  plant  is  said  to  be  Diehlamydeous, 
and  much  importance  is  attached  to 
this  peculiarity  ;  more,  we  think,  than  it 
deserves.  It  separates  plants  having 
much  natural  affinity,  as  Euphorbiacese, 
far  from  Rhamnacese,  Amarantaceae 
widely  from  Illecebraceae,  and  it  is  also 
one  to  which  there  are  many  exceptions. 
This  is,  however,  not  the  case  with  mono- 
petalous  dicotyledons,  Primulacese  and 
Oleacese  being  almost  the  only  instances 
of  orders  among  those  which  are  truly 
monopetalous,  containing  apetalous 
genera.  The  difference  between  a  mo¬ 
nopetalous  and  a  polypetalous  corolla  is 
this,  that  in  the  one  the  leaves  out  of 
which  the  corolla  is  formed  are  distinct, 
and  in  the  other  united.  Great  value 
is  attached  to  this,  and  it  is  in  fact  a 
difference  offirst-rate  importance  :  thus, 
all  Ranunculacese,  Rosacese,  Brassica- 
cese,  Lamiacese,  Scrophulariacese,  and 
Bignoniacese  are  equally,  without  ex¬ 
ception,  monopetalous  :  but  in  the  po¬ 
lypetalous  orders  of  Crassulaceae,  Ru- 
tacese,  Polygalacese,  Ternstrbmiaeeae, 
&c.,  there  are  monopetalous  genera. — 
The  aestivation  of  the  corolla  rarely 
furnishes  characters  connected  with  the 
natural  properties  of  plants  ;  neverthe¬ 
less,  Asteraceae  are  essentially  distin¬ 
guished  by  their  valvate,  and  Asclepia- 
daceae  and  Apocynaceae  by  their  con¬ 
torted  aestivation,  an  exception  to  the 
one  existing  only  in  the  genus  Lepta- 
denia,  and  to  the  other  in  Gardneria. 
The  aestivation  of  both  calyx  and  corolla 
has  as  yet  received  too  little  attention 
for  its  value  to  be  judged  of  generally. — ■ 
The  regularity  or  irregularity  of  the  co¬ 
rolla  is  most  commonly  important:  thus, 
Orehidacese, Polygalacese, Bignoniacese, 
Fumariaceae,  are  irregular  without  ex¬ 
ception;  the  regular  corolla  of  Bragi- 
naceae  will  almost  distinguish  them 
from  Lamiacese,  which  have  frequently 
an  irregular  one;  yetEchiumin  Boragi- 
naceae  is  irregular,  and  Caprifoliaceae 
exhibit  all  the  gradations  from  a  corolla 
of  the  most  irregular  form  to  one  of 
the  most  perfect  symmetry.  In  As- 
terales  both  are  found  continually  in 
the  same  ;  in  Lobeliacese,  which  may 
be  almost  always  distinguished  from 
Campanulacese  by  their  irregularity,  be¬ 
come  nearly  regular  in  Isotoma.— The 
venation  of  the  petals  is  scarcely  ever 
employed  for  distinction,  little  being  at 
present  known  of  it,  Asterales  are 


distinguished  by  the  peculiar  arrange¬ 
ment  of  the  veins  of  their  corolla ;  and 
they  are  always  oblique  in  Hyperica- 
cese. 

From  within  the  corolla  arise  the 
Sexes.  From  the  manner  in  which 
these  are  composed,  good  characters 
may  sometimes  be  derived,  but  more 
frequently  no  characters  at  all.  Thus, 
Xanthoxylace*  are  known  from  Ruta- 
ceae  by  their  unisexual  flowers  :  all 
Euphorbiacese,  Begoniacese,  Pinacese, 
Myricacese,  are  unisexual.  But  Vita- 
ceae,  Graminacese,  Cyperacese,  Cheno- 
podiacese,  Apiacese,  and  even  Rannncu- 
lacese,  contain  hermaphrodite  and  dicli¬ 
nous  genera  ;  and  it  is  familiar  to  every 
one,  that  flowers  of  all  these  kinds  (that 
is,  male,  female,  and  hermaphrodite) 
stand  side  by  side  in  Asterales. 

The  stamens  either  arise  immediately 
from  below  the  ovary,  having  no  adhe¬ 
sion  to  the  calyx,  when  they  are  said 
to  be  hypogynous,  or  they  contract  an 
adhesion  of  greater  or  smaller  extent 
with  either  the  calyx  or  corolla,  when 
they  become  perigynous,  or,  finally, 
they  appear  to  proceed  from  the  apex 
of  an  inferior  ovary,  in  which  case  they 
are  named  epigynous;  but  it  is  usually 
now  understood  that  all  stamens  take 
their  origin  from  below  the  ovary ;  and 
if  this  opinion  be  well  founded,  there 
will  be  no  material  difference  between 
those  which  are  perigynous  and  those 
which  are  epigynous  ;  and  these  two 
modifications  are  accordingly  confound¬ 
ed  together  by  most  modern  botanists. 
A.  Brongniart,  however,  conceives 
epigynous  stamens  to  be  essentially 
distinct  from  perigynous,  founding  his 
opinion  upon  the  genus  Raspailia, 
which  has  a  superior  ovary,  from  the 
top  of  which  arise  the  stamens ;  but  it  is 
possible  perhaps  to  explain  this  appa¬ 
rent  anomaly.  To  the  difference  be¬ 
tween  perigynous  and  hypogynous 
stamens  the  French  school  attaches 
the  greatest  value,  not  being  willing  to 
admit  any  genus  with  hypogynous 
stamens  into  an  order  with  perigynous 
ones,  and  vice  versa ;  and  there  is 
somewhere  an  observation,  that  of  such 
primary  importance  is  this  distinction, 
that  while  poisonous  orders  are  to  be 
known  by  their  stamens  being  hypogy¬ 
nous,  all  in  which  they  are  perigynous 
are  wholesome.  Setting  aside,  how¬ 
ever,  this  hypothesis,  which  has  not 
the  general  application  that  has  been 
ascribed  to  it,  there  is  no  doubt  that 
insertion  of  stamens  does  very  often  go 
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along  with  essential  differences  of 
other  kinds;  for  example,  it  distin¬ 
guishes  with  precision  Rosacese  from 
Ranunculaceae,  Violaceae  from  Passiflo- 
raceae,  Reaumuriaceae  from  Nitrariaceae, 
Aurantiaceae  from  Burseraceae.  But  on 
the  other  hand,  there  is  not  only  fre¬ 
quently,  as  may  well  be  supposed,  so 
slight  a  degree  of  adhesion  between 
the  stamens  and  calyx  as  to  render  it 
difficult  to  say  whether  the  former  are 
perigynous  or  hypogynous,  as  in  Tama- 
ricaceae,  and  many  others ;  but  there 
are  orders  which  do  really  exhibit  in¬ 
stances  of  both  modes.  Thus  Esch- 
scholtzia  has  decidedly  perigynous 
stamens,  and  yet  it  is  a  genus  of  Papa- 
veraceae,  the  character  of  which  is  to 
have  them  hypogynous  ;  and  all  kinds 
of  gradations,  from  the. one  form  to  the 
other,  are  observable  in  Saxifragaceae. 
The  stamens  of  Macrostylis,  among 
the  hypogynous  order  Rutaceae,  are 
manifestly  perigynous.  In  Geraniaceac, 
the  genus  Geranium  has  the  stamens 
hypogynous,  and  Pelargonium  perigy¬ 
nous.  Alsinaceae  are  arranged  among 
genera  with  hypogynous  stamens,  yet 
some  of  them  (Larbrea  and  Adena- 
rium)  are  perigynous;  in  Illecebraceae, 
part  of  the  genera  are  perigynous,  and 
part  hypogynous.  —  The  manner  in 
which  the  stamens  cohere  is  sometimes 
an  indication  of  affinity  ;  for  instance, 
they  are  monadelphous  in  Malvaceae  and 
Meliaceae,  diadelphous  in  great  numbers 
of  Fabaceae,  polyadelphous  in  Hyperi- 
caceae  ;  but  more  commonly  this  cha¬ 
racter  is  unimportant,  as  in  Malvaceae 
themselves,  which  have  sometimes  dis¬ 
tinct  stamens ;  Fabaceae,  which  have 
very  often  such  ;  and  Ternstrdmiaceae, 
which  have  both  united  and  disunited 
ones. — It  not  unfrequently  occurs,  that 
the  conversion  of  the  petals  into  sta¬ 
mens  takes  place  imperfectly,  in  which 
case  a  part  of  the  stamens  is  said  to 
be  sterile,  and  this  is  sometimes  a  use¬ 
ful  character  for  detecting  affinities. 
Thus,  in  many  Buttnerieae,  one-fifth  are 
sterile  and  petaloid,  in  Franeoaceae 
every  other  one,  in  Aquilariaceae  two- 
thirds,  in  Bignoniaceae  the  uppermost 
of  five  is  rudimentary. — A  peculiarity 
of  a  similar  nature  is  the  want  of  sym¬ 
metry  which  sometimes  exists  between 
the  petals  or  sepals,  and  stamens. 
Supposing  the  flower  to  be  formed 
without  abortion  of  any  kind,  and  by 
regular  alternation  of  metamorphoses, 
as  is  usually  the  ease,  the  petals  will 
be  always  some  multiple  of  the  sepals, 


and  the  stamens  of  the  petals  ;  and  of 
course  any  irregularity  in  this  respect 
will  destroy  the  supposed  symmetry. 
This  is  often  a  point  of  much  impor¬ 
tance  to  observe  ;  for  example,  in  Bora- 
ginaceae,  the  stamens  are  always  equal 
to  the  segments  of  the  corolla,  and  the 
flowers  of  that  order  are  consequently 
symmetrical ;  in  Lamiaceae,  on  the  con¬ 
trary,  one  at  least  of  the  stamens  is 
constantly  missing,  and  the  flowers  are 
therefore  regularly  unsymmetrical,  a 
character  by  which  these  orders  may 
be  constantly  known,  when  the  form  of 
their  corolla  will  not  distinguish  them. 
In  Phytolaecaceae  there  is  a  constant 
tendency  to  a  want  of  symmetry  ;  and 
this  is  one  of  the  characters  by  which 
that  order  is  known  from  Chenopodi- 
aceae. 

That  part  of  the  stamen  which  con¬ 
tains  the  fertilizing  matter  of  the 
anther,  is  a  case  usually  consisting  of 
two  parallel  or  slightly  diverging  cells, 
containing  pollen,  and  opening  by  a 
longitudinal  fissure ;  but  from  this  plan 
many  deviations  take  place,  which  are 
of  value  in  determining  affinities.  Thus, 
all  Malvaceae,  properly  so  called,  and 
Epacridaceae,  have  but  one  cell ;  in 
Lauraceae  and  Berberaceae,  the  valves 
are  hinged  by  their  upper  margin  ;  in 
Ericaceae  the  pollen  is  emitted  by  pores  ; 
in  Melastomaceae  the  same  takes  place, 
along  with  a  peculiar  conformation  of 
the  lower  part  of  the  anther;  in  Hama- 
melaceae,  dehiscence  is  effected  by  the 
falling  off  of  the  face  of  the  anthers  ; 
but  in  Solanaceae,  the  genera  of  which 
have  usually  their  anthers  bursting 
longitudinally,  the  genus  Solanum  it¬ 
self  opens  by  pores. — The  mode  in 
which  the  anther  is  united  with  the 
filament  is  sometimes  taken  into  ac¬ 
count,  as  in  Anonaceac,  Nymphaeaceae, 
Humiriaceae.and  Araceae,  orTyphaceae, 
in  which  they  are  always  adnate  ;  and 
Graminaceae,  in  which  they  are  as 
regularly  versatile.  But  this  modifica¬ 
tion  appears  of  no  great  moment,  nor 
indeed  does  any  peculiarity  of  the  con¬ 
nective,  all  kinds  of  forms  of  which  are 
found  in  Lamiaceae  ;  and  even  in  the 
small  order  of  Penaeaceae  we  have 
anthers  with  the  connective  both  exces¬ 
sively  fleshy,  and  in  the  ordinary  state. 

Pollen  rarely  affords  any  marks  by 
which  affinities  are  to  be  traced.  The 
most  remarkable  deviations  from  its 
usual  nature  exist  in  Aselepiadaceao 
and  Orchidaceae ;  the  former  having  it 
always  in  a  state  of  concretion,  resem- 


BOTANY. 


155 


bling  wax,  by  which  they  are  known 
from  Apocynaceae,  and  the  latter  hav¬ 
ing  it  frequently  so,  but  also  containing 
numerous  genera,  the  pollen  of  which 
is  scarcely  distinguishable  from  its 
ordinary  powdery  state. 

Immediately  between  the  stamens 
and  the  ovary  is  sometimes  found  a 
fleshy  ring  or  fleshy  glands,  called  a 
Disk,  and  supposed  lor  very  good 
reasons  to  represent  an  inner  row  of 
imperfectly  developed  stamens.  The 
presence  of  this  disk  is  constant  in 
Apiaceae,  Asterales,  Lamiaceae,  Bo- 
raginaceae,  and  Rosaceae,  while  its 
absence  is  equally  universal  in  others. 
It  is  not,  however,  much  used  as  a  prin¬ 
cipal  mark  of  distinction,  its  real  value 
not  having  been  yet  ascertained.  There 
are  some  curious  modifications  of  it  in 
Rhamnaceae  and  Meliaceae.  It  is  a 
remarkable  fact,  that  in  Gentianaceae 
and  their  allies,  which  have  the  peri- 
carpial  leaves  right  and  left  with  re¬ 
spect  to  the  common  axis  of  inflores¬ 
cence,  it  is  never  truly  present;  while 
in  Scrophulariaceae  and  their  allies, 
the  pericarpial  leaves  of  which  are  ante¬ 
rior  and  posterior,  it  is  generally  pre¬ 
sent  in  one  shape  or  other. 

The  last  modification  of  leaves  in  the 
fructification  consists  in  their  conver¬ 
sion  into  what  is  called  the  female 
organ,  or  ovary  ;  that  is  to  say  into  the 
case  which  contains  the  young  seeds 
or  ovules.  Now  that  the  structure  of 
this  part  is  well  understood,  we  know 
that  an  ovary  either  consists  of  one  or 
several  connected  pericarpial  leaves, 
called  carpels,  arranged  around  a  com¬ 
mon  axis,  or  of  several  combined  into  a 
single  body.  Upon  this  difference  the 
distinction  depends  of  what  are  called 
apocarpous  ovaries,  or  those  of  which 
the  carpels  are  distinct ;  and  syncarp- 
ous,  or  those  of  which  the  carpels  are 
compactly  combined.  These  differ¬ 
ences  appear  of  much  importance,  and 
subject  to  as  few  exceptions  as  any 
modifications  that  botanists  make  use 
of.  Thus  Berberaceae  are  distinguished 
from  Papaveracese,  Nelumbiaceae  from 
Nymphseacese,  Amaryllidaceae  from 
Burseraceae,  Boraginaceae  from  Ehreti- 
aceae,  and  the  like.  But  at  the  same 
time  it  will  be  seen,  that  cases  exist  of 
both  forms  being  found  in  the  same 
natural  order,  as  Xanthoxylaceae.  This, 
however,  is  rare. — The  cohesion  of  the 
ovary  with  the  calyx,  or  its  separation 
from  it,  has  been  already  treated  of  in 
speaking  of  the  calyx. — An  ovary  may 


be  either  one-celled, in  consequence  of 
its  consisting  of  a  single  carpel,  in 
which  case  it  will  belong  to  the  apo¬ 
carpous  division  ;  or  it  may  consist  of 
several  carpels  strictly  cohering,  and 
therefore  syncarpous,  but  nevertheless 
one-celled,  in  consequence  of  the  obli¬ 
teration  of  the  dissepiment.  Peculia¬ 
rities  of  this  latter  nature  are  almost 
always  of  ordinal  importance,  at  least  if 
the  placentae  are  parietal ;  for  instance, 
the  latter  is  the  structure  of  Papa- 
veracese,  Homaliaceae,  Flaeourtiaceae, 
Cucurbitacese,  Papayacese,  and  Viola- 
cese,  to  which  there  is  no  exception ; 
but  Alsinacese  and  Bruniaceae,  the  usual 
structure  of  which  is  to  be  one-celled, 
have  the  placentae  in  the  centre  ;  and 
in  both  these  orders  there  are  genera, 
the  ovary  of  which  contains  several 
cells. — Another  point  that  deserves 
particular  attention  is  the  relation 
borne  to  the  axis  of  inflorescence  by  the 
pericarpial  leaves,  of  which  an  ovary 
is  formed.  What  the  exact  value  of 
this  character  may  be  is  not  yet 
known  ;  but  it  seems  that  Gentianaceae 
and  their  allies  have  their  pericarpial 
leaves  right  and  left  of  the  axis,  while 
Scrophulariaceae  and  their  allies  have 
the  pericarpial  leaves  anterior  and  pos¬ 
terior,  with  respect  to  the  axis.  Rosa¬ 
ceae  and  Fabaceae  differ  in  a  nearly 
similar  way. — Connected  with  the  apo¬ 
carpous  or  syncarpous  state  of  the 
ovary  is  the  union  or  separation  of  the 
styles,  which  therefore  scarcely  require 
distinct  mention.  It  is  as  well,  how¬ 
ever,  to  remark,  that  the  separation  of 
styles  is  commonly  a  sign  of  the  apo¬ 
carpous  state  of  the  ovary,  provided 
the  latter  is  not  very  apparent  other¬ 
wise  ;  and  the  cohesion  of  the  styles  is 
constantly  an  evidence  of  the  contrary ; 
and  in  this  view  the  Elder  and  Hy¬ 
drangea  may  be  justifiably  separated 
from  Caprifoliaceae. — The  receptacle  or 
growing  point  round  which  the  carpels 
are  disposed  is  commonly  so  minute 
as  to  interpose  but  little  matter  between 
the  bases  of  the  carpels  which  stand 
nearly  parallel  with  each  other.  But 
this  part  occasionally  takes  on  an  ex¬ 
traordinary  developement,  becoming 
fleshy,  and  either  separating  the  car¬ 
pels  entirely  from  each  other,  as  in  the 
Strawberry  and  in  Ochna,  or  causing 
them  to  diverge  at  their  base,  to  which 
they  adhere  by  the  points  of  their  ovary. 
The  term  gynobase  has  been  invented 
by  the  French  to  denote  this  kind  of 
receptacle,  and  strictly  speaking  it 
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ought- to  be  applied  to  all  cases  of  an 
enlarged  receptacle.  But  in  practice 
nothing  is  considered  a  gynobase,  on 
which  more  than  one  row  of  carpels  is 
arranged.  This  character,  indicated  in 
1  he  fruit  by  the  presence  of  a  central 
woody  column  to  which  the  carpels 
partially  adhere,  is  sometimes  of  so 
much  value  as  to  form  the  cementing 
character  of  several  well-marked  and 
very  distinct  orders.  It  has  given  rise 
to  a  group  called  Gynobaseosee  among 
Polypetalous  Exogens. 

The  stigma  seldom  offers  any  good 
characters.  In  some  cases,  however, 
advantage  is  taken  of  it,  as  in  Linaceae, 
the  capitate  stigmas  of  which  distin¬ 
guish  them  from  Alsinaceae,  where 
they  occupy  the  whole  inner  face  of  the 
styles ;  and  in  Goodeniaceae,  Scaevola- 
ceae,  and  Brunoniaceae,  there  is  a  pecu¬ 
liar  membranous  appendage  enveloping 
the  stigma,  and  called  an  indusium, 
which  distinguishes  those  orders  from 
all  others. 

The  number  of  the  ovules  (that  is  to 
say,  whether  they  are  definite  or  in¬ 
definite)  is  frequently  an  important 
difference,  as,  for  example,  between 
Campanulaceae  and  Asterales,  Goode- 
niacae  and  Scaevolaceae ;  but  while 
considerable  value  usually  attaches  to 
this,  it  must  not  be  forgotten  that  there 
are  exceptions  to  it  in  several  instances, 
especially  in  Caprifoliaceae,  Fumarieae, 
and  Brassicaceae. — The  position  of  the 
ovules  is  much  more  essential  than 
their  number,  and  may  be  considered 
as  one  of  the  most  valuable  forms  of 
structure  that  can  be  taken  into  ac¬ 
count.  It  is  uniform  in  Asterales, 
Valerianacese,  Apiaceae,  and  others; 
but  in  Sanguisorbeae,  Pedaliaceae,  and 
Styraceae,  both  erect  and  suspended 
ovules  co-exist ;  this  union  of  the  two 
positions  occurs  in  a  more  remarkable 
degree  in  Penaeaceae  ;  and  among  Vio- 
laceae,  the  genus  Conohoria  offers, 
according  to  A.  St.  Hilaire,  PI.  IJsu- 
elles,  No.  10,  an  instance  of  three 
kinds  of  direction  in  as  many  species ; 
in  C.  Lobolobo,  the  ovules  are  ascend¬ 
ing  ;  in  C.  castaneaefolia,  they  are 
suspended  ;  and  in  C.  Rinorea,  one  is 
suspended,  one  ascending,  and  the  in¬ 
termediate  peritropal,  or  at  right  angles 
with  the  placenta. — The  situation  of 
the  foramen  of  the  ovule  is  a  circum¬ 
stance  that  should  always  be  taken 
into  account,  because  it  indicates  with 
certainty  the  future  position  of  the 
radicle,  which  it  is  of  importance  to 


ascertain,  but  which  will  be  more  pro¬ 
perly  spoken  of  in  considering  the  value 
of  distinctions  drawn  from  that  source. 

The  ripened  ovary  is  the  fruit.  The 
differences  in  its  structure  are  of  the 
same  nature  as  those  of  the  ovary,  and 
need  not.  be  repeated.  Its  texture  and 
mode  of  dehiscence  are  the  principal 
sources  of  distinction,  but  they  perhaps 
deserve  as  little  attention  as  any  of 
which  botanists  make  use.  It  is  true 
that  the  fruit  of  all  Grossulaceae  is 
baccate,  of  all  Lamiacese  indehiscent, 
and  of  all  Primulaceae  capsular;  but 
Marcgraaviacese,  Melastomaceae,  Myr- 
taceae,  Ranunculaceae,  and  Rosacese, 
with  a  crowd  of  other  orders,  contain 
both  baccate  and  capsular,  dehiscent 
and  indehiscent  genera. 

The  characters  obtained  from  the 
position  of  the  seed  are  of  the  same 
value  as  those  from  the  position  of  the 
ovule  ;  in  addition  to  which,  the  pecu¬ 
liarities  of  the  testa  are  made  use  of. 
— In  some  Monocotyledonous  orders,  as 
Liliaceae  and  Smilacese,  the  texture 
has  been  employed  as  a  mark  of  dis¬ 
tinction,  but  with  little  reason,  the  soft 
thin  testa  of  Smilax  being  found  in 
genuine  Liliaceae  of  the  Asphodeleous 
section;  it  is  indeed  rather  surprising 
that  botanists  should  have  ever  thought 
of  having  recourse  to  a  distinction  so 
wholly  unconnected  with  function  or 
typical  organization. — The  seed  being 
winged  or  otherwise,  distinguishes 
Meliaceae  from  Cedrelaceae,  and  the 
presence  of  a  fungous  swelling  about 
the  hilum  is  a  good  characteristic  of 
Polygalaceae. 

The  substance  that  surrounds  the 
embryo  is  the  Albumen  ;  its  absence  or 
presence  constitutes  a  valuable  mark 
of  distinction.  There  can  be  no  doubt 
that  when  it  exceeds  the  bulk  of  the 
embryo  very  considerably,  as  in  Ra- 
nunculacese,  Papaveraceae,  Apiaceae, 
Grasses,  and  the  like,  it  is  of  such  im¬ 
portance,  that  no  plant  destitute  of 
albumen  is  likely  to  be  found  apper¬ 
taining  to  such  orders,  for  in  such  cases 
it  is  to  be  supposed  that  it  contributes 
essentially  to  the  nutrition  of  the  em¬ 
bryo  when  first  germinating ;  and  is 
in  reality  indispensable  to  it.  But  on 
the  other  hand,  it  is  much  to  be 
doubted  whether  its  presence  or  ab¬ 
sence  deserves  much  attention  in  orders 
which  are  called  by  German  botanists 
subalbuminous,  where  it  is  a  mere 
residuum, — that  is  to  say,  where  the 
embryo  and  albumen  are  of  nearly 
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equal  bulk ;  for  it  should  be  remem¬ 
bered,  that  it  always  exists  in  seeds  at 
some  period  of  their  existence,  and  that 
its  remains  may  very  well  be  expected 
to  be  found  in  almost  any  seeds;  thus, 
in’  fact,  both  albuminous  and  exalbu- 
minous  seeds  are  found  in  Proteaceae 
(Brown  in  Linn.  Trans,  x.  36) ;  even 
in  Rosacese,  which  are  as  free  from 
remains  of  albumen  as  any  order,  it  is 
said  to  be  distinctly  present  in  Neillia, 
and  in  other  orders  traces  of  it  are  to  be 
seen  adhering  to  the  inner  membrane  of 
the  testa. — The  texture  of  the  albumen 
is  frequently  consulted  with  advantage ; 
in  all  Cinchonaceae  it  is  horny  or  fleshy  ; 
Euphorbiaceae,  oily  ;  Grasses,  Polygo- 
naceae,  Chenopodiaceae,  mealy  ;  in 
Anonaceae,  it  is  ruminated,  8cc. ;  but 
among  Apocynacese,  which  have  solid 
albumen,  it  is  ruminated  in  Alyxia. 

The  direction  of  the  Embryo  within 
the  testa,  which  is  indicated  in  the  ovule 
by  the  foramen,  is  one  of  the  very  few 
characters  to  which  we  know  of  no  ex¬ 
ceptions  ;  and  if  it  were  a  less  ob¬ 
scure  point  of  structure,  it  would  be 
consequently  one  of  the  most  useful. 
For  example,  in  all  Cistaceae,  Urticaceae, 
and  Polygonaceae,  the  radicle  is  not 
turned  towards  the  hilum,  as  in  other 
tribes,  but  takes  an  opposite  direction  ; 
and  these  orders  are  distinguished  from 
their  allies  by  this,  better  than  by  any 
other  known  character. 

The  number  of  Cotyledons  is  one  of 
the  means  of  distinguishing  the  great 
natural  divisions  called  Monocotyle¬ 
dons,  Dicotyledons,  and  Acotyledons. 
There  are,  however,  plants  among  Mo¬ 
nocotyledons  with  two  cotyledons,  as 
the  common  Wheat ;  and  among  Dico¬ 
tyledons  with  only  one,  as  Penaea  and 
some  Myrtacese ;  or  even  none,  as  Cus- 
cuta  and  Utricularia ;  or  several,  as 
Schizopetalon  in  Brassicacese,  Amsinc- 
kia  in  Boraginaceae,  Ceratophylleae,  and 
most  Pinaceae.— The  position  of  the 
embryo  with  respect  to  the  albumen  is 
of  variable  importance ;  in  all  Grasses 
it  is  lateral,  in  Cyperaceae  it  is  enclosed 
within  the  base  of  the  albumen,  and 
thus  it  furnishes  an  absolute  distinc¬ 
tion  between  those  two  important 
orders.  But  among  Polygonaceae, 
Rheum  has  it  in  the  centre  of  its  albu¬ 
men,  and  Rumex  on  one  side. — Differ¬ 
ences  in  the  manner  in  which  the  em¬ 
bryo  is  folded  up  are  always  of  great 
consequence;  because,  although  they 
may  vary  in  particular  natural  orders, 
yet  they  are  in  such  cases  characteristic 


of  subordinate  divisions  in  the  orders. 
For  instance,  both  a  straight  embryo 
and  one  with  the  radicle  bent  down 
upon  the  cotyledons  occur  in  Fabaceae  ; 
but  the  first  marks  the  Papilionaceous 
division,  and  the  last  the  two  groups  of 
Caesalpinieae  and  Mimoseae.  Brassica- 
ceae,  Capparidaceae,  Resedaceae,  Meni- 
spermaceae,  &c.  have  a  curved  embryo ; 
Malvaceae  and  Convolvulaceae  a  crum¬ 
pled  one  ;  but  in  Silenaceae  we  have 
both  a  straight  and  annular  one,  and  in 
Chenopodiaceae  and  others  equal  un¬ 
certainty  exists. 

The  only  remaining  character  of 
vegetation  which  it  is  necessary  to 
notice  is  a  singular  and  very  uncommon 
one,  which  distinguishes  a  few  small 
families  of  plants.  This  consists  in  the 
presence  of  the  remains  of  the  Amnios 
around  the  embryo  in  its  perfect  state  : 
the  Amnios  always  surrounds  the  em¬ 
bryo  in  an  early  state,  but  is  most  com¬ 
monly  absorbed  before  the  formation  of 
the  embryo  is  completed  ;  but  in  Sau- 
ruraceae,  Piperaceae,  and  Nymphaea- 
ceae,  it  remains  around  the  embryo  in 
the  form  of  a  sac,  which  was  mistaken 
by  Richard,  who  did  not  understand  its 
nature,  for  a  peculiar  appendage  of  the 
embryo,  or  rather  for  a  particular  form 
of  the  radicle. 

Chapter  VIII. 

Of  the  practical  application  of  the  fore¬ 
going  principles. 

If  the  foregoing  principles  have  been 
rightly  understood,  their  application 
will  lead  to  the  formation  of  a  Na¬ 
tural  arrangement  of  all  known  plants  ; 
by  which  we  must  be  understood  to 
mean  an  arrangement  wherein  all  the 
groups  will  consist  of  species  more 
nearly  related  to  each  other  than  to  any 
thing  else ;  where  every  genus,  alli¬ 
ance,  group,  &c.  will  consist  of  species, 
&c.,  in  the  closest  affinity  with  each 
other. 

If  it  could  be  shown  that  in  all  cases  of 
affinity  one  character  would  be  stronger 
than  all  others,  another  result  would  be 
that  there  could  be  but  one  Natural  Sys¬ 
tem,  and  that,  however  long  botanists 
might  be  in  discovering  it,  they  must 
at  last  and  inevitably  arrive  at  the  one 
system  and  no  other ;  and  this  proposi¬ 
tion  is  actually  maintained  by  some 
naturalists.  But  there  are  probably 
no  cases  in  which  there  is  a  prepon¬ 
derating  affinity  in  one  direction  and 
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one  only  :  on  the  contrary,  the  equal 
affinities  of  plants  are  numerous  and 
complicated,  and  in  many  respects  it  is 
impossible  to  demonstrate  what  their 
relative  value  really  is ;  consequently, 
instead  of  one  certain  and  inevitable 
result,  instead  of  one  fixed  and  immuta¬ 
ble  system  to  which  the  application  of 
certain  admitted  principles  must  of  ne¬ 
cessity  lead,  several  systems  have  been 
and  may  still  be  devised,  all  of  which 
are  natural  and  yet  all  different :  not, 
however,  different  in  their  great  leading 
features,  but  in  their  subordinate  de¬ 
tails.  The  great  leading  features  of  a 
system  consist  in  the  orders  or  first 
groups  of  genera,  and  in  the  classes  or 
last  groups  of  orders.  About  these  there 
can  be  only  one  opinion,  whenever  all 
the  data  requisite  for  certainty  shall 
have  been  collected  ;  whatever  differ¬ 
ences  in  opinion  concerning  them  may 
now  exist,  arise  from  the  absence  of  many 
important  data.  But  as  to  the  arrange¬ 
ment  of  the  genera  in  the  orders,  or  of 
the  orders  in  the  classes,  that  always 
has  been  and  ever  will  be  a  matter  about 
which  opinion  will  vary  according  as 
new  facts  are  made  known,  or  as  per¬ 
sons  take  different  views  of  the  same 
facts.  However  wrong,  therefore,  Fries 
may  be  in  asserting  that  there  is  no 
such  thing  as  an  artificial  system,  he  is 
not  far  wrong  in  asserting  that  there  is 
no  absolutely  natural  system,  because 
all  systems,  as  far  as  their  arrangement 
is  concerned,  are  necessarily  artificial ; 
and  a  system  which  to-day  is  called 
Natural,  may  to-morrow  become,  by 
the  accession  of  new  ideas,  artificial ; 
as  that  of  Tournefort,  &c. 

Nevertheless,  it  is  very  possible  that 
particular  modes  of  arrangement  may 
be  less  natural  than  others  ;  that  is  to 
say,  may  be  less  calculated  to  keep 
together  corresponding  assemblages  ; 
and  that  others  may  be  perfectly  natural 
in  their  classes  and  orders, but  purely  ar¬ 
tificial  in  their  intermediate  details.  Thus, 
Jussieu,  in  employing  the  single  and 
absolute  character  of  hypogynous,  peri- 
gynous,  and  epigynous  insertion  of  the 
stamens,  rendered  all  his  system  artifi¬ 
cial  except  the  classes  and  orders  ;  and 
De  Candolle,  in  adhering  to  the  same 
principle,  destroyed  in  a  great  degree 
the  value  of  what  he  calls  his  cohorts. 

It  may  be,  and  indeed  has  been  urged, 
that  as  a  lineal  arrangement  is  the  only 
one  that  can  be  adopted  in  books,  and 
as  this  is  altogether  incapable  of  indi¬ 
cating  the  nature  of  a  system  which 


“  has  for  its  very  aim  to  interweave  all 
the  objects  of  nature  in  a  close  and 
compact  web  of  mutual  dependence,” 
so  it  is  really  of  little  importance 
whether  the  intermediate  grouping  of 
plants  is  more  or  less  artificial,  as  it 
must  necessarily  be  so  in  some  degree. 
But  this  we  think  is  a  great  and 
very  important  mistake.  It  surely 
does  not  follow  that  because  our  finite 
means  are  incapable  of  explaining 
altogether  what  is  infinite,  that  there¬ 
fore  we  should  not  make  the  best  use  of 
the  means  of  explanation  that  we  actu¬ 
ally  possess;  and  yet  this  is  the  same 
thing  as  to  say  that,  because  a  part  of 
the  most  natural  arrangement  must  ne¬ 
cessarily  be  in  some  measure  artifi¬ 
cial,  it  does  not  matter  how  artificial  it 
all  is.  It  might  as  well  be  said,  that 
because  additions  to  the  amount  of  our 
knowledge  of  species  are  daily  accruing, 
and  because  so  long  as  these  additions 
are  taking  place  our  ideas  of  systematic 
arrangements  will  be  changing,  there¬ 
fore  it  is  not  worth  occupying  ourselves 
with  systematic  arrangements  at  all, 
until  every  existing  species  has  become 
correctly  known.  To  admit  such  doc¬ 
trine  as  this  would  be  to  give  up  the 
search  for  perfection  in  any  thing ; 
no  one  can  hope  to  attain  perfec¬ 
tion  ;  and  there  can  be  no  reasonable 
doubt,  that  new  points  of  view  and  con¬ 
tinual  improvements  of  what  has  gone 
before  will  be  occurring  to  those  who 
shall  live  a  thousand  years  hence. 

The  true  method  of  proceeding,  with 
regard  to  the  principles  treated  of  in 
previous  chapters,  is  to  arrange  the  as¬ 
semblages  intermediate  between  the 
highest  and  lowest  combinations  in  a 
manner  as  little  artificial  as  existing 
circumstances  will  allow. 

So  little,  however,  has  this  been  at¬ 
tended  to,  that  in  speaking  of  the  Na¬ 
tural  System  of  Botany  as  a  whole,  we 
shall  be  obliged  to  pass  by  the  plans  of 
Jussieu  and  De  Candolle,  and  to  take 
for  the  basis  of  the  observations  in  the 
succeeding  chapter,  some  one  of  those 
recent  systems,  which,  although  founded 
upon  the  writings  of  those  two  distin¬ 
guished  botanists,  in  the  same  manner 
as  theirs  are  upon  the  discoveries  and 
improvements  of  Ray  and  Tournefort, 
differ  from  them  essentially  in  the  ar¬ 
rangement  of  what  we  have  designated 
as  the  intermediate  assemblages.  We 
are  the  more  induced  to  take  this  course, 
because  we  have  no  space  in  this  essay 
to  notice  all  the  plans  that  have  been 
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proposed  for  a  Natural  System.  Partly 
for  a  similar  reason,  and  secondly  be¬ 
cause  it  is  the  most  recent,  we  select 
for  the  text  of  the  succeeding  chapter 
the  system  of  Professor  Lindley,  im¬ 
perfect  as  he  admits  it  to  be,  and  great 
as  are  the  changes  and  improvements 
that  he  feels  it  must  require  before  it  can 
be  at  all  established. 

Chapter  IX. 

Of  Natural  Systems. 

A  Natural  System  is  a  classification 
of  species  according  to  their  respective 
affinities,  so  that  those  shall  be  placed 
next  each  other  which  correspond  in 
the  greatest  number  of  particulars,  and 
those  be  stationed  most  remotely  that 
have  the  fewest  points  of  agreement. 
It  is  not  in  our  power  to  put  this  idea 
into  practice  altogether ;  we  are  there¬ 
fore  obliged  to  add,  that  those  also  are 
Natural  Systems  in  which  the  principle 
is  recognized  as  essential  and  funda¬ 
mental. 

In  classifying  either  the  vegetable  or 
animal  kingdoms,  two  diametrically  op¬ 
posite  methods  maybe  pursued,  both 
of  which  shall  be  strictly  natural.  We 
may  either  proceed  from  the  most  im¬ 
perfect  forms  of  organization,  or  cor¬ 
rectly  speaking  the  most  simple,  for 
every  thing  is  equally  perfect  after 
its  kind,  to  the  most  complicated ;  or 
from  the  most  complicated  to  the 
most  simple.  The  first  is  the  course 
pursued  by  Jussieu ;  the  latter  is  that 
of  Kay  and  De  Candolle.  It  may  at 
first  sight  appear  to  be  of  little  moment 
which  of  these  methods  is  pursued ;  but 
we  agree  with  Fries  and  De  Candolle, 
that  in  reality  there  is  a  material  differ¬ 
ence  between  these  plans.  “  To  me," 
the  former  says,  “  it  appears  most  ad¬ 
visable  to  commence  with  that  which  is 
most  perfect,  most  completely  developed, 
and  therefore  most  easily  understood ; 
and  thence  to  descend  to  forms  of  a  more 
imperfect  kind,  and  therefore  of  a  more 
doubtful  nature.  The  half-developed 
portions  of  the  lower  forms  of  the  creation 
would  never  be  understood,  if  they  were 
not  more  completely  developed  in  the 
higher  forms.  This  is  the  path  which 
is  pointed  out  both  by  experience  and 
common  sense  ;  the  idea  of  a  seed  is  not 
derived  from  anUredo,  northat  of  a  vege¬ 
table  from  an  Erineum ;  but  the  reverse. 
This  is  especially  true  of  those  lower 
spheres  which  bring  up  the  rear  :  the 
last  point  of  simplicity  will  never  be  at¬ 


tained,  and  will  never  be  determined; 
although  our  microscopes  are  daily  ex¬ 
tending  our  views,  the  poles  of  vitality 
will  never  be  reached.  It  is  better, 
therefore,  to  set.  out  from  a  certain 
point  (the  centre)  than  from  an  uncer¬ 
tain  point  (the  circumference),  which 
may  be  extended  to  infinity.  So  it  is 
more  wise,  in  studying  Man,  to  take 
our  notions  of  humanity  from  those  in 
whom  it  exists  in  the  highest  degree  of 
perfection,  rather  than  to  search  over- 
curiously  for  those  whose  intellect  is  ap¬ 
proximating  to  that  of  animals." 

To  this  it  may  be  added,  that  we  really 
know  much  less  of  simple  than  of  com¬ 
plicated  forms,  and  it  is  contrary  to  all 
the  rules  of  logic  to  begin  by  objects 
that  are  little  known  in  order  to  under¬ 
stand  those  which  are  better  known. 
We  should  form  an  odd  notion  of  a  man 
from  a  monad,  but  we  should  be  able  to 
understand  a  monad  from  our  know¬ 
ledge  of  a  man. 

Taking  then  this  method  of  com¬ 
mencing  our  inquiry — we  find  that  the 
most  complete  cases  of  structure  that 
can  be  discovered  are  those  where,  in 
addition  to  stems  and  leaves  wherewith 
to  grow,  and  seed  by  which  to  multi¬ 
ply,  there  is  a  peculiar  and  complicated 
sexual  apparatus  of  stamens  and  pistils 
by  the  action  of  which  the  seeds  are 
fertilized.  These,  the  most  perfect  forms 
of  plants,  have  also  other  characters  in 
common,  all  of  which  indicate  a  higher 
grade  of  organization  ;  they  have 
flowers ;  they  are  anatomically  com¬ 
posed  of  cellular  tissue  and  spiral 
vessels,  and  the  seeds  which  they  pro¬ 
duce  have  two  definite  points  of  growth, 
of  which  one  becomes  invariably  a 
stem,  and  the  other  a  root.  Those 
plants,  on  the  contrary,  which  have  no 
sexual  apparatus,  are  also  destitute  of 
flowers ;  they  have  no  true  spiral  vessels 
in  their  anatomical  structure,  but  grow 
chiefly  by  aid  of  their  cellular  tissue,  and 
the  seeds  which  they  produce  have  no 
definite  points  of  growth,  but  produce 
stem  or  root  indifferently  from  any 
point  of  their  surface ;  their  seed  is 
therefore  different  from  true  seed,  and 
is  called  a  spore  or  sporule.  This  first 
examination  shows  then  that  we  have 
two  sorts  of  plants  differing  essentially 
in  the  degree  of  their  developement,  in 
the  manner  in  which  they  are  multi¬ 
plied,  in  the  means  by  which  their  vital 
actions  are  performed,  and  consequently 
in  their  whole  mode  of  existence.  These 
may  be  provisionally  set  down  thus : — 
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Sexual.  —  Flowering.  —  Vascular.  — 
Seminiferous. 

Asexual.  —  Flowerless. — Cellular. — 
Sporiferous. 

Viewed  in  another  way,  namely,  with 
reference  to  [their  manner  of  growth, 
plants  again  divide  into  two  wholly  dif¬ 
ferent  series  ;  in  one  of  which  the  trunk 
every  year  after  its  first  formation  either 
actually  increases  in  diameter  or  adds 
new  matter  to  its  solid  contents  ;  and 
this  series  comprehends  two  parallel  and 
essentially  dissimilar  types,  in  which 
one  adds  its  new  matter  to  the  outside 
of  its  wood  near  the  circumference  of 
the  stem,  and  the  other  to  the  inside  of 
its  wood  near  the  centre  ;  the  first  are 
Exogens,  the  latter  Endogens.  In 
the  other  series  the  stem,  when  once 
formed,  neither  increases  in  diameter  nor 
adds  new  matter  to  its  solid  contents ; 
but  merely  lengthens  at  its  extremity ; 
such  plants  are  Acrogens.  This  is 
another  set  of  fundamental  peculiarities 
which  will  necessarily  regulate  some  of 
the  most  important  vital  actions  of  the 
species  comprehended  under  them. 
Upon  comparing  these  series  with  the 
first  class  of  peculiarities,  it  appears  th  at 
Exogens  and  Endogens  are  uniformly 
Sexual,  &e. ;  and  that  Acrogens  are  as 
uniformly  Asexual ;  hence  we  have 
three  great  fundamental  groups  instead 
of  two — namely, 

1 .  Sexual.  —  Flowering.  —  V ascular. 
— Seminiferous. — Exogens. 

2.  Sexual.  —  Flowering.  —  Vascular. 
—Seminiferous.— Endogens. 

3.  Asexual.— Flowerless.  —  Cellular. 
—Sporiferous.— Acrogens. 

Each  of  these  three  groups  has  other 
peculiarities,  which  mark  it  in  one  way 
or  another.  Exogens  have  an  embryo 
with  two  cotyledons  (Dicotyledons)  ; 
in  germination,  their  young  root  springs 
directly  from  the  apex  of  the  radicle 
(Exorhizal) ;  their  leaves  have  netted 
veins,  if  any  ;  the  parts  of  their  flowers 
are  usually  airanged  upon  a  quinary  or 
quaternary  plan.  Endogens  have  an 
embryo  with  one  cotyledon  (Monocoty¬ 
ledons);  in  germination,  their  young 
root  springs  from  within  the  point  of 
the  radicle  (Endorhizal) ;  their  leaves 
have  simple  parallel  veins,  if  any  ;  the 
parts  of  their  flower  are  usually  ar¬ 
ranged  upon  a  ternary  plan.  Acrogens 
have  no  embryo,  and  consequently  no 
cotyledons  (Acotyledons) ;  in  germina¬ 
tion,  their  young  root,  springs  trom  any 
part  of  the  spore  (Heterorhizal) ;  their 
leaves  have  forked  veins,  if  any ;  flowers 


they  have  none.  These  various  cir¬ 
cumstances  place  the  distinctions  be¬ 
tween  the  three  fundamental  classes  in 
a  still  stronger  light ;  and  serve  to  show 
that  when  plants  differ  in  one  very  essen¬ 
tial  character,  they  also  differ  in  others, 
the  number  of  which  will  be  in  pro¬ 
portion  to  the  importance  of  the  first 
character.  If  we  again  combine  all 
these  equivalent  and  corresponding 
characters  in  a  rather  different  man¬ 
ner,  they  will  finally  offer  the  following 
contrast. 


have  sexes,  spiral  ves¬ 
sels,  seeds,  4-5-nary 
flowers,  netted-veined 
leaves,  exorhizal  ger¬ 
mination. 

have  sexes,  spiral  ves¬ 
sels,  seeds,  3  -  nary 
flowers,  parallel-vein¬ 
ed  leaves,  endorhizal 
germination, 
have  no  sexes,  no  spi¬ 
ral  vessels,  spores,  no 
flowers,  forked  veined 
leaves,  heterorhizal 
germination. 

These  distinctions  speak  so  directly 
to  our  senses,  that  no  person  when  he 
has  once  understood  them  would  be  at 
all  likely  to  call  them  in  doubt.  To 
know  that  the  forest  trees  and  bushes, 
and  the  common  herbs  of  the  field,  are 


Exogens, 

or 

Dicotyledons, 


Endogens, 

or 

Monocotyledons 


Acrogens, 

or 

Acotyledons, 


Exogens ;  that  Palms,  and  Lilies,  and 
Rushes,  and  Grasses,  are  Endogens  ; 
and  that  Acrogens  answer  to  Ferns  and 
Mosses,  and  Lichens  and  Fungi,  is 
quite  sufficient  to  impress  the  mind 
with  a  general,  if  not  a  very  distinct 
perception,  that  while  these  groups 
called  classes  are  totally  different  from 
each  other,  they  have  great  and  obvi¬ 
ous  marks  of  correspondence  among 
themselves. 

There  are  many  who  believe  that 
these  are  the  only  classes  into  which 
the  vegetable  kingdom  is  capable  of 
being  divided.  But  others  add  two 
more.  From  Exogens  are  struck  off 
those  curious  plants  which,  having 
sexes,  nevertheless  have  them  in  a  sin¬ 
gularly  incomplete  state;  their  young 
ovules  being  fertilized  by  direct  contact 
with  the  pollen,  instead  of  through  the 
intervention  of  a  style  and  stigma ;  in 
these  plants,  moreover,  the  vascular 
system  is  more  imperfect  than  in  other 
Exogens,  and  their  leaves,  if  veined, 
have  either  the  forked  veins  of  Acro¬ 
gens,  or  the  parallel  veins  of  Endogens. 
They  may  therefore  be  reasonably 
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looked  upon  as  a  fourth  class,  and  are 
called  Gymnosperms. 

Finally  there  are  certain  plantswhich, 
to  an  appearance  like  that  of  Fungi, 
and  an  almost  total  absence  of  spiral 
vessels,  add  the  flowers  of  Endogens, 
and  the  spores  of  Acrogens,  have 
sexes,  and  the  result  of  their  sexuality  is 
not  an  embryo,  but  a  homogeneous  re¬ 
productive  body,  with  neither  radicle 
nor  cotyledons.  They  are  supposed  to 
be,  in  all  cases,  parasitical  on  roots,  and 
hence  have  gained  the  name  of  Rhi- 
zanths  ;  they  constitute  a  fifth  class. 

These  five  classes,  viz., 

1.  Exogens, 

2.  Gymnosperms, 

3.  Endogens, 

4.  Rhizanths, 

5.  Acrogens, 


are  admitted  by  Professor  Lindley. 
Subordinate  to  them  are  numerous 
groups,  each  divided  into  alliances, 
under  which  the  orders  are  finally 
arranged. 

Of  the  genera  we  can  of  course  give 
no  account  in  a  short  treatise  like  this ; 
but  such  an  abstract  as  the  following,  of 
the  characters  of  the  higher  combina¬ 
tions,  is  necessary,  to  render  the  fore¬ 
going  discussion  either  useful  or  intel¬ 
ligible.  For  a  full  explanation  of  the 
more  special  reasons  upon  which  the 
system  is  founded,  the  reader  is  referred 
to  the  work  itself  from  which  these 
characters  are  abridged.* 

*  A  Natural  System  of  13otany;  or  a  Systematic 
View  of  the  Organization,  Natural  Affinities,  and  Geo¬ 
graphical  Distribution  of  the  Vegetable  Kingdom. 
By  John  Lindley,  Ph.  D.  &c.,  Second  Edition, 
London.  1836. 


THE  NATURAL  ORDERS  OF  PLANTS. 


Class  I. — EXOGENS  OR  DICOTYLEDONS. 

Elementary  organs  consisting  of  both  cellular  and  vascular  tissue,  a  portion  of 
the  latter  being  elastic  spiral  vessels.  Trunk  increasing  by  an  annual  deposit  of 
new  wood  and  cortical  matter  between  the  wood  and  bark.  Leaves  articulated 
with  the  stem,  their  veins  reticulated.  Propagation  effected  by  stamens  and 
pistils.  Ovules  in  a  pericarp,  embryo  with  two  or  more  opposite  cotyledons. 

Sub-class  I. — POLYPETALiE. 

Floral  envelopes  consisting  of  both  calyx  and  corolla;  the  latter  composed  of 
distinct  petals. 

Group  1. — Sllnimhio^ac 

The  albumen  very  considerably  larger  than  the  embryo,  and  forming  the  great 
mass  of  seed. 

Alliance  1. — Ranales.  Herbaceous,  rarely  icoody,  plants;  either  with  the 
carpels  more  or  less  distinct,  or  if  that  is  not  the  case,  with  parietal  placenlce. 

Order  1. — Ranunculacecc.  Sepals  3-6,  deciduous.  Petals  3-15.  Stamens  hypo¬ 
gynous,  anthers  adnate.  Carpels  numerous,  or  united  into  a  single  pistil.  Seeds 
either  erect  or  pendulous.  Herbs  or  shrubs.  Leaves  with  the  petiole  dilated. 

Sub-order  Podophyllece.  Sepals  3.  Petals  in  two  or  three  rows.  Stamens 
hypogynous;  anthers  linear  or  oval.  Torus  not  enlarged.  Fruit  1-celled.  Seeds 
sometimes  having  an  aril.  Herbaceous  plants.  Leaves  lobed. 

Order  2. — Papaveracece.  Sepals  2.  Petals  either  4  or  some  multiple  of  that 
number.  Stamens  hypogynous,  generally  numerous.  Fruit  1-celled  with  parietal 
placentae.  Seeds  numerous.  Herbaceous  plants  or  shrubs  with  a  milky  juice. 
Leaves  alternate. 

Sub-order — Fumariece.  Sepals  2.  Petals  4  ;  parallel ;  the  outer  one  or  both 
saccate  at  the  base.  Stamens  6,  in  2  parcels.  Herbaceous  plants  with  brittle 
stems  and  a  watery  juice. 

Order  3. — Nymphceacece.  Sepals  and  petals  imbricated,  passing  gradually 
into  each  other.  Stamens  numerous,  inserted  above  the  petals,  into  the  disk; 
filaments  petaloid ;  disk  large,  fleshy.  Fruit  many-celled.  Seeds  very  numerous, 
attached  to  spongy  dissepiments.  Embryo  on  the  outside  of  the  base  of  the 
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albumen,  in  a  bag.  Herbs  with  peltate  or  cordate  fleshy  leaves,  growing  in 
quiet  water. 

Sub-order— Hydropeltidece.  Sepals  3  or  4.  Petals  3  or  4.  Stamens  definite 
or  indefinite.  Ovaries  2  or  more  ;  fruit  indehiscent.  Seeds  definite.  Aquatic 
plants  with  floating  leaves. 

Order  4. — Nelumbiacece.  Sepals  4  or  5.  Petals  numerous.  Stamens  numer¬ 
ous.  Disk  fleshy,  enclosing  in  hollows  of  its  substance  the  ovaries,  which  are 
monospermous.  Nuts  numerous,  half  buried  in  the  disk.  Herbs  with  peltate, 
floating  leaves. 

Alliance  2.— Anonales.  Woody  plants  in  all  cases,  often  trees  with  the  fruit 
composed  of  distinct  carpels,  which  occasionally  grow  together  into  a  solid  mass. 
The  valves  of  the  anthers  separating  by  a  perpendicular  line. 

Order  5. — Cephalotacece.  Calyx  coloured,  six  parted,  with  a  valvate  aestiva¬ 
tion.  Corolla  0.  Stamens  12.  Carpels  6,  one-seeded;  ovule  erect.  A  stemless 
herb  with  operculate  pitchers.  Flowers  small. 

Order  6. — Myristicacece.  Flowers  unisexual.  Calyx  trifid.  Ovary  superior, 
with  a  single  erect  ovule.  Fruit  2-valved.  Seed  enveloped  in  a  many-parted  aril ; 
albumen  ruminate.  Tropical  trees,  often  yielding  a  red  juice. 

Order  7 .  —Magnoliacece.  Sepals  3-G.  Petals  3-27.  Stamens  indefinite.  Car¬ 
pels  numerous,  distinct  or  consolidated.  Trees  or  shrubs  with  convolute  stipules. 
Flowers  large,  solitary. 

Order  8. —  Winteracece.  Sepals  2-6.  Petals  2-30.  Stamens  hypogynous. 
Ovaries  1-celled  with  suspended  or  erect  ovules.  Fruit  consisting  of  a  single 
row  of  carpels.  Seeds  with  or  without  aril.  Shrubs  or  small  trees.  Leaves 
alternate,  dotted,  with  convolute  deciduous  stipules.  Flowers  often  brown. 

Order  9. — Anonacece.  Sepals  3-4.  Petals  6,  coriaceous,  with  a  valvular 
aestivation.  Stamens  indefinite  ;  filaments  angular.  Ovaries  numerous.  Fruit 
succulent  or  dry,  with  the  carpels  1  or  many-seeded,  separate  or  consolidate. 
Albumen  ruminate.  Trees  or  shrubs.  Leaves  without  stipules.  Flowers  axillary. 

Sub-order — Schizandrece.  Trailing  plants  with  unisexual  flowers,  monadel- 
phous  stamens,  and  solid  albumen. 

Order  10. — Dilleniacece.  Sepals  5 ;  2  exterior,  3  interior.  Petals  5.  Sta¬ 
mens  indefinite.  Ovaries  definite.  Carpels  baccate  or  2-valved.  Seeds  sur¬ 
rounded  by  a  pulpy  aril.  Embryo  in  solid  fleshy  albumen.  Trees,  shrubs  or 
under-shrubs,  rarely  herbaceous,  leaves  without  stipules.  Flowers  often  yellow. 

Alliance  3. — Umbellales.  Flowers  usually  disposed  in  umbels.  Calyx  superior. 
Disk  epigynous,  very  thick,  in  two  or  more  pieces.  Carpels  always  1  -seeded. 
Stems  usually  hollow. 

Order  11. — Apiacece  or  Umbelliferce.  Calyx  entire  or  5-toolhed.  Petals  5, 
usually  inflexed  at  the  point.  Stamens  5,  alternate  w:ith  the  petals.  Ovary 
2-celled.  Fruit  consisting  of  2  carpels,  separable  from  a  common  axis.  Seed 
pendulous.  Herbaceous  plants  with  fistular  stems.  Flowers  in  umbels. 

Order  12. — Araliacece.  Calyx  entire  or  toothed.  Petals  5-10.  Stamens  equal 
to  the  petals  or  twice  as  many,  arising  from  without  an  epigynous  disk.  Ovary 
with  more  cells  than  two.  Fruit  succulent  or  dry,  consisting  of  several  1-seeded 
cells.  Seeds  pendulous.  Trees,  shrubs,  or  herbaceous  plants,  with  the  habit  of 
Apiacese. 

Alliance  4. — Grossales.  Flowers  never  arranged  in  umbels.  Calyx  superior, 
epigynous.  Disk,  if  present,  not  in  several  pieces.  Carpels  usually  many- 
seeded,  with  the  seeds  distinct  from  the  pericarp.  Stem  solid. 

Order  13 .—Grossulacece.  Calyx  4-  or  5-parted.  regular.  Petals  5,  minute- 
Stamens  very  short.  Ovary  1-celled  with  2  parietal  placentae.  Berry  ] -celled. 

Order  14. — Escalloniacece.  Calyx  5-toothed,  petals  forming  a  tube,  but  finally 
separating ;  aestivation  imbricated.  Stamens  arising  from  the  calyx.  Disk 
conical,  epigynous.  Ovary  2-celled,  with  two  large  polyspermous  placentae  in 
the  axis  ;•  stigma  2-lobed.  Fruit  capsular,  splitting  by  the  separation  of  the 
cells  at  their  base.  Seeds  minute  ;  embryo  in  oily  albumen.  Shrubs  with 
alternate,  toothed,  glandular,  exstipulate  leaves. 

Order  15. — Bruniacece.  Calyx  5-cleft,  imbricated.  Petals  imbricated.  Sta¬ 
mens  alternate  with  the  petals ;  anthers  turned  outward.  Ovary  half  inferior 
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with  from  1  to  3  cells.  Ovules  suspended,  1-2.  Stigma  simple.  Fruit  crowned 
by  the  permanent  calyx.  Seeds  sometimes  with  a  short  aril.  Branched  heath¬ 
like  shrubs.  Flowers  often  capitate. 

Alliance  5. — Berberales.  Anthers  bursting  by  recurved  valves. 

Order  16.—Berberacece.  Sepals  3-4-6,  in  a  double  row.  Petals  sometimes 
with  an  appendage  at  the  base.  Stamens  equal  in  number  to  the  petals,  and 
opposite  to  them  ;  anthers  opening  elastically  with  a  valve  from  the  bottom  to 
the  top.  Ovary  solitary,  1-celled.  Seeds  attached  to  the  bottom  of  the  cell, 
1,  2,  or  3,  albumen  between  fleshy  and  corneous.  Shrubs  or  herbaceous  peren¬ 
nial  plants.  Leaves  alternate,  compound,  usually  without  stipules. 

Alliance  6. — Pittosporales.  Carpels  all  combined  into  a  solid  ovary,  with  a 
single  style.  Placenta;  central.  Stamens  never  epigynous. 

Order  ]  7. —  Vitacece.  Calyx  small,  nearly  entire.  Pelals  in  aestivation  valvate 
and  often  inflected  at  the  point ;  stamens  opposite  them,  inserted  upon  the 
disk.  Ovary  2-celled ;  ovules  erect,  definite.  Berry  pulpy;  albumen  hard. 
Scrambling,  climbing  shrubs,  with  tumid  separable  joints.  Leaves  with  sti¬ 
pules.  Flowers  small  green. 

Order  18. — Pittosporacece.  Sepals  deciduous,  imbricated.  Petals  hypogy- 
nous,  imbricated.  Stamens  5,  hypogynous.  Ovary  single,  many-seeded.  Fruit 
capsular  or  berried,  with  many-seeded  cells  which  are  sometimes  incomplete. 
Albumen  fleshy.  Leaves  simple,  alternate,  without  stipules. 

Order  19. — Olacaceai.  Calyx  small,  finally  enlarged.  Petals  valvate,  separate 
or  cohering  in  pairs.  Stamens  definite,  part  fertile,  part  sterile,  hypogynous. 
Ovary  1-celled,  with  3  ovules  pendulous  from  a  central  column.  Fruit  inde- 
hiscent,  frequently  surrounded  by  the  enlarged  calyx,  1-seeded.  Seed  pendulous. 
Trees  or  shrubs  often  spiny.  Leaves  alternate,  entire,  without  stipules. 

Order  20. — Francoacece.  Calyx  4-cleft.  Petals  4.  Stamens  sub-hypogynous, 
four  times  as  numerous  as  the  petals,  alternately  rudimentary.  Ovary  with  4 
cells ;  ovules  numerous.  Capsule  4-valved.  Seeds  numerous,  minute.  Herba¬ 
ceous  plants,  with  lobed  or  pinnated  leaves,  without  stipules.  Petals  persistent. 

Order  21. — Sarraceniacece.  Sepals  5,  imbricate.  Petals  5,  unguiculate, 
concave.  Stamens  indefinite,  hypogynous.  Ovary  5-celled  ;  stigma  very  large, 
peltate.  Capsule  crowned  by  the  stigma.  Seeds  very  numerous,  minute. 
Herbaceous  perennial  plants,  living  in  bogs.  Leaves  with  a  hollow  urn¬ 
shaped  petiole.  Scapes  bearing  one  large  flower. 

Group  2. — (fitptgnnoSac. 

O  vary  inferior,  usually  having  an  epigynous  disk.  Seeds  not  having  a  dispro¬ 
portionate  quantity  of  albumen. 

Alliance  l.  —  Onagrales.  Mstivation  not  valvate.  Placenta;  central.  Every 
part  of  the  flower  some  regular  multiple  of  two.  In  most  cases  herbaceous 
plants. 

Order  22. — Onagraceas.  Calyx  tubular,  4-lobed,  valvate.  Petals  regular,  with 
a  twisted  aestivation.  Stamens  four  or  eight,  inserted  into  the  calyx.  Stigma 
4-lobed.  Fruit  many-seeded,  with  4  cells.  Seeds  without  albumen.  Herba¬ 
ceous  plants  or  shrubs.  Leaves  alternate  or  opposite. 

Sub-order—  Circceece.  Stamens  2.  Disk  large,  cup-shaped.  Ovary  2-celled. 
Ovules  solitary,  erect. 

Sub-order — Halomgea;.  Calyx  minute.  Petals  minute  or  0.  Stamens  often 
fewer  than  the  lobes  of  calyx.  Ovules  solitary,  pendulous. 

Sub-order — Hydrocaryes.  Calyx  4-parted.  Petals  4.  Stamens  4.  Ovary 
2-celled.  Ovules  solitary,  pendulous.  Fruit  horned,  1-celled.  Seed  solitary 
with  very  unequal  cotyledons.  Floating  plants. 

Alliance  2. — Myrtales.  /Estivation  not  valvate.  Placenta;  occupying  the 
centre  of  the  fruit.  Parts  of  the  flower  not  a  regular  multiple  of  any  number 
throughout.  In  most  cases  shrubby  plants  or  trees. 

Order  23. — Combretacece.  Calyx  4-  or  5-lobed,  deciduous.  Stamens  twice  as 
many  as  the  segments  of  the  calyx,  or  three  times  as  many.  Ovary  1-ceiled,  with 
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from  2  to  4  ovules,  hanging  from  the  apex  of  the  cavity.  Seed  without  albumen  ; 
cotyledons  usually  convolute.  Trees  or  shrubs.  Leaves  without  stipules. 

Order  24. — Alangiacece.  Calyx  campanulate,  5-10-toothed.  Petals  5-10, 

linear,  reflexed.  Stamens  two  or  four  times  as  numerous  as  the  petals.  Drupe 

1 - celled,  bony.  Seed  inverted  ;  albumen  fleshy;  cotyledons  flat.  Large  trees. 
Branches  often  spiny.  Leaves  alternate,  without  stipules,  entire,  without  dots. 

Order  25. — Rhizophoracece.  Calyx  with  the  lobes  varying,  from  4  to  13. 
Petals  alternate  with  the  lobes.  Stamens  twice  or  thrice  their  number.  Ovary 

2- celled,  each  cell  containing  two  or  more  pendulous  ovules.  Fruit  indehiscent, 
crowned  by  the  calyx,  1-celled,  1-seeded.  Seed  without  albumen.  Coast  trees 
or  shrubs.  Leaves  opposite,  with  stipules  between  the  petioles. 

Order  2G. — Memecylacece.  Calyx  4-  or  5-lobed  or  toothed.  Stamens  8-10  ; 
anthers  incurved.  Ovary  2-4,  rarely  8-celled ;  ovules  solitary,  pendulous.  Fruit 
crowned  by  the  calyx,  indehiscent.  Seeds  without  albumen ;  cotyledons  folia- 
ceous,  convolute.  Shrubs.  Leaves  opposite  without  stipules  or  dots. 

Order  27. — Melastomacece.  Calyx  cohering  with  the  angles  of  the  ovary. 
Petals  twisted  in  aestivation  ;  filaments  curved  downwards  in  aestivation  ; 
anthers  long,  2-celled,  elongated  beyond  the  insertion  of  the  filament.  Ovary 
with  several  cells,  and  indefinite  ovules.  Pericarp  with  placentae  attached  to 
a  central  column.  Seeds  innumerable.  Trees,  shrubs,  or  herbaceous  plants. 
Leaves  opposite,  with  several  ribs. 

Order  28. — Myrtacece.  Calyx  4-  or  5-cleft,  sometimes  like  a  cap.  Petals 
quincuncial.  Stamens  indefinite  ;  anthers  ovate,  small.  Ovary  1-2-4-5-6-celled. 
Fruit  either  dry  or  fleshy.  Seeds  indefinite  ;  embryo  without  albumen.  Trees 
or  shrubs.  Leaves  opposite,  with  transparent  dots,  and  a  vein  running  parallel 
with  their  margin. 

Sub-order  ?  —Barringtonieev.  Leaves  alternate,  stipulate,  without  dots. 

Order  29. — Lecythidaceee.  Calyx  2-  to  6-leaved,  or  urceolate.  Petals  with 
an  imbricated  ajstivation.  Stamens  indefinite,  epigynous,  either  cucullate  or 
monadelphous.  Ovary  2-  to  6-celled ;  ovules  attached  to  the  axis.  Fruit  woody. 
Seeds  several ;  embryo  without  albumen.  Large  trees,  with  alternate  entire 
or  toothed  leaves,  with  minute  stipules,  without  dots.  Flowers  large,  showy, 
terminal. 

Order  30. — Philadelphacece.  Calyx  persistent,  having  from  4  to  10  divisions. 
Petals  convolute-imbricate.  Stamens  indefinite.  Styles  distinct,  or  consoli¬ 
dated;  stigmas  several.  Capsule  with  4  to  10  cells,  many  seeded.  Seeds 
scobiform  ;  aril  loose,  membranous.  Albumen  fleshy.  Shrubs.  Leaves  decidu¬ 
ous,  opposite,  without  dots  or  stipules.  Flowers  always  white. 

Alliance  3.— Cornales.  z ’Estivation  of  corolla  falcate. 

Order  31. — Hamamelacece.  Calyx  in  4  pieces.  Petals  4,  linear.  Stamens 
8  ;  4  being  sterile.  Ovary  2-celled  ;  ovules  solitary,  pendulous.  Fruit  capsular. 
Embryo  in  the  middle  of  horny  albumen.  Shrubs.  Leaves  alternate  with  deci¬ 
duous  stipules.  Flowers  sometimes  unisexual. 

Order  32. — Cornacea?.  Sepals  4.  Petals  4,  oblong,  broad.  Stamens  4.  Drupe 
crowned  by  the  calyx,  2-celled.  Seeds  pendulous,  solitary.  Albumen  fleshy. 
Trees  or  shrubs,  seldom  herbs.  Leaves  (except  in  one  species)  opposite,  entire 
or  toothed. 

Order  33. — Loranthacece.  Calyx  with  2  bracts  at  the  base.  Corolla  with 
3, '4  or  8  petals,  more  or  less  united  at  the  base,  valvate;  stamens  opposite  to 
them.  Ovary  1-celled;  ovule  pendulous.  Fruit  succulent.  Seed  solitary; 
embryo  cylindrical,  longer  than  the  fleshy  albumen.  Parasitical  half  shrubby 
plants.  Leaves  opposite,  without  stipules. 

Alliance  4.— Cucurbitales.  Placenta;  pa i  ietal.  Flowers  neither  with  a  valvate 
corolla,  nor  with  any  other  character  appertaining  to  the  preceding  alliances.  • 

Order  34. — Cucurbitacece.  Flowers  unisexual.  Calyx  5-toothed.  Corolla  5- 
parted,  scarcely  distinguishable  from  the  calyx,  with  strongly  reticulated  veins. 
Stamens  5,  either  distinct,  or  cohering  in  three  parcels  ;  anthers  sinuous.  Ovary 
with  3  placentae ;  stigmas  very  thick,  velvety  or  fringed.  Fruit  more  or  less 
succulent.  Seeds  flat,  in  an  aril ;  embryo  flat,  with  no  albumen.  Annual  or 
perennial.  Stem  climbing  by  tendrils.  Leaves  palmated,  or  with  palmate  ribs, 
covered  with  asperities. 
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Order  35. — Loasacece.  Calyx  5-parted.  Petals  5  or  10,  cucullate  with  an 
inflexed  aestivation ;  the  interior  often  much  smaller.  Stamens  indefinite. 
Ovary  with  several  placentae  or  with  1  free  central  lobed  one.  Fruit  capsular  or 
succulent.  Seeds  numerous  without  aril ;  embryo  in  the  axis  of  fleshy  albumen. 
Herbaceous  plants,  hispid,  with  pungent  hairs.  Leaves  without  stipules. 

Order  36. — Cactacece.  Sepals  indefinite,  confounded  with  the  petals.  Stamens 
indefinite  ;  filaments  long,  filiform.  Ovary  with  numerous  placentae  ;  stigmas 
numerous.  Fruit  succulent.  Seeds  without  albumen.  Succulent  shrubs, 
usually  destitute  of  leaves,  and  with  spinous  buds. 

Order  37. — Homaliacece.  Calyx  funnel-shaped,  with  from  5  to  15  divisions. 
Petals  equal  to  them  in  number.  Glands  in  front  of  the  segments  of  the  calyx. 
Stamens  from  the  base  of  the  petals.  Ovary  half  inferior,  1-eelled  with  numerous 
ovules  ;  styles  from  3  to  5  ;  as  many  placentae  as  styles.  Embryo  in  the  middle 
of  fleshy  albumen.  Trees  or  shrubs.  Leaves  alternate,  with  deciduous  stipules. 

Alliance  5.  —  Ficoidales.  Petals  narrow  and  numerous.  Plaeentation  not 
•parietal. 

Order  38. — Mesembryaceae  or  Ficoidece.  Sepals  definite,  succulent.  Petals 
indefinite,  linear.  Stamens  indefinite.  Ovary  many-celled.  Stigmas  numerous. 
Capsule  many-celled  with  a  starry  dehiscence.  Embryo  curved  or  spiral,  on 
the  outside  of  mealy  albumen.  Succulent  shrubs  or  herbs.  Flowers  showy, 
opening  only  under  bright  sunshine. 

Alliance  6. — Begoniales.  Flowers  unisexual.  Placentae  central. 

Order  39. — Begoniacece.  Flowers  unisexual.  Sepals  in  the  males  4  ;  in  the 
females  5.  Stamens  indefinite ;  anthers  collected  in  a  head,  the  connective  very 
thick.  Ovary  winged,  3-celled,  with  3  double  polyspermous  placentae  in  the 
axis  ;  stigmas  3,  somewhat  spiral.  Fruit  3-celled,  with  an  indefinite  number  of 
minute  seeds  ;  embryo  without  albumen.  Herbaceous  plants  or  under-shrubs. 
Leaves  alternate,  oblique.  Stipules  scarious. 

Group  3. — -IPavtftotfae. 

Placentae  parietal,  or  arising  from  the  base  of  carpels  combined  into  a  1-celled 
ovary. 

Alliance  1. — Cruciales.  Embryo  curved.  Albumen  absent. 

Order  40.— Brassicacece  or  Cruciferce.  Petals  4,  deciduous,  cruciate.  Petals 
4,  cruciate.  Stamens  6,  of  which  two  are  shorter.  Ovary  superior,  with  parietal 
placentae,  meeting  in  the  middle,  and  forming  a  spurious  dissepiment.  Fruit 
a  silique  or  silicule.  Seeds  attached  by  a  funiculus,  generally  pendulous. 
Embryo  with  the  radicle  folded  upon  the  cotyledons.  Herbaceous  plants. 
Leaves  alternate.  Flowers  without  bracts. 

Order  41. —  Capparidaceae.  Sepals  4.  Petals  4,  cruciate.  Stamens  definite 
or  indefinite.  Disk  hemispherical,  or  elongated.  Ovary  stalked.  Fruit  1-celled, 
most  frequently  with  two  polyspermous  placentae ;  embryo  incurved.  Herbaceous 
plants,  shrubs,  or  trees,  without  true  stipules.  Leaves  alternate. 

Order  42. — Resedacece.  Calyx  many-parted.  Petals  lacerated,  unequal.  Disk 
1 -sided.  Stamens  perigynous,  definite.  Ovary  sessile,  3-lobed,  1-celled,  many 
seeded,  with  3  parietal  placentae.  Fruit  opening  at  the  apex.  Embryo  arcuate. 
Herbaceous  plants  with  alternate  leaves,  and  gland-like  stipules. 

Alliance  2. — Violales.  Stamens  few,  with  no  collection  of  abortive  petals  or 
stamens  into  an  external  ring.  Embryo  never  curved. 

Order  A3. —  Violaceae.  Sepals  5,  persistent,  imbricate.  Petals  5.  Stamens 
hypogynous  ;  filaments  dilated,  elongated  beyond  the  anthers.  Ovary  1-celled 
with  3  parietal  placentae;  style  with  a  hooded  stigma.  Capsule  of  3  valves, 
bearing  the  placentae  in  their  axis.  Herbaceous  plants  or  shrubs.  Leaves 
stipulate  with  an  involute  vernation. 

Sub-order — Sauvagesiae.  Stamens  opposite  the  petals.  Five  hypogynous 
scales.  Seeds  adhering  to  the  edges  of  the  valves. 

Order  44. — Samydaceae.  Sepals  3,  5,  or  7,  usually  coloured  inside.  Petals  0. 
Stamens  from  the  tube  of  the  calyx,  2,  3,  or  4  times  as  many  as  the  sepals  ; 
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filaments  monadelphous.  Ovary  superior,  1-celled  ;  stigma  capitate,  ovules 
indefinite,  attached  to  parietal  placentae.  Capsule  coriaceous  ;  with  from  3  to 
5  valves,  many-seeded,  often  somewhat  pulpy  inside.  Seeds  fixed  to  the  valves 
without  order,  with  a  fleshy  aril ;  albumen  fleshy.  Trees  or  shrubs.  Leaves 
alternate,  with  stipules,  usually  with  pellucid  markings,  which  are  both  round 
and  linear. 

Order  45. — Moringacece.  Calyx  of  5  nearly  equal  divisions,  the  tube  lined 
with  a  fleshy  disk.  Corolla  of  5  nearly  equal  petals.  Stamens  from  the  top  of 
the  tube  of  the  calyx ;  filaments  slightly  petaloid.  Ovary  stipitate,  with  3 
placentae.  Fruit  a  long  pod-like  capsule  with  3  valves.  Seeds  sometimes 
winged,  embryo  without  albumen.  Trees.  Leaves  pinnate,  with  an  odd  leaflet. 

Order  4fi. — Droseracece.  Sepals  imbricate.  Petals  5,  hypogynous.  Stamens 
distinct,  either  equal  in  number  to  the  petals,  or  2,  3,  or  4  times  as  many. 
Styles  3-5.  Capsule  of  3  or  5  valves.  Embryo  in  the  axis  of  a  fleshy  or  car¬ 
tilaginous  albumen.  Herbaceous  plants,  often  covered  with  glands.  Leaves 
with  stipulary  fringes  and  a  circinate  vernation.  Peduncles  circinate. 

Order  47. — Frankeniacece.  Sepals  4-5,  in  a  furrowed  tube.  Petals  hypogynous, 
unguiculate,  with  appendages  at  the  base  of  the  limb.  Stamens  hypogynous  ; 
style  2-  or  3-fid.  Capsule  1-celled,  enclosed  in  the  calyx,  2-3-  or  4-valved,  many 
seeded.  Seeds  attached  to  the  margins  of  the  valves,  very  minute  ;  embryo  in 
the  midst  of  albumen.  Herbaceous  plants  or  under-shrubs.  Stems  much 
branched.  Leaves  opposite,  exstipulate,  with  a  membranous  sheathing  base. 

Alliance  3. —  Passionales.  Flowers  with  a  ring  or  crown  of  sterile  stamens. 
Petioles  generally  glandular.  Embryo  never  curved  so  that  the  radicle  lies  on 
the  cotyledons. 

Order  48. — Passiflaracece.  Sepals  5,  their  tube  lined  with  filamentous  pro¬ 
cesses.  Petals  5.  Stamens  monadelphous.  Ovary  stalked,  1-celled  ;  styles  3  ; 
stigmas  simple,  clavate.  Fruit  with  3  polyspermous  placentae.  Seeds  with  a 
brittle  sculptured  testa.  Embryo  in  fleshy  albumen.  Usually  climbers.  Leaves 
alternate,  with  leafy  stipules.  Flowers  often  enclosed  in  an  involucre. 

Order  4  9. — Papayacece.  Flowers  unisexual.  Calyx  minute,  toothed,  Corolla 
gamopetalous  :  in  the  male  with  5  lobes  and  10  stamens  ;  in  the  female  divided 
nearly  to  the  base.  Ovary  with  5  polyspermous  placentae;  stigma  sessile, 
5-lobed,  lacerated.  Fruit  succulent.  Seeds  enveloped  in  a  loose  mucous  coat  with 
pitted  testa;  embryo  in  the  axis  of  fleshy  albumen.  Trees  yielding  an  acrid 
milky  juice.  Leaves  alternate. 

Order  50. — Flacourtiacece.  Sepals  from  4-7.  Petals  equal  to  them  in  num¬ 
ber.  Stamens  hypogynous,  occasionally  changed  into  nectariferous  scales. 
Ovary  roundish  ;  stigmas  several,  more  or  less  distinct.  Fruit  1-celled,  the  centre 
filled  with  a  thin  pulp.  Seeds  few,  attached  to  the  surface  of  the  valves  in  a 
branched  manner.  Embryo  in  the  axis  of  albumen.  Shrubs  or  trees.  Leaves 
alternate  without  stipules. 

Order  51. — Malesherbiacece.  Calyx  tubular,  membranous,  5-lobed.  Petals 
persistent,  convolute,  arising  from  without  a  rim  or  corona.  Stamens  5  or  10, 
perigynous  ;  filaments  distinct.  Ovary  stipitate ;  styles  3,  filiform.  Fruit  mem¬ 
branous  more  or  less,  many-seeded.  Seeds  arising  either  from  the  axis  of  the 
valves,  or  from  their  base;  no  aril;  embryo  in  the  midst  of  fleshy  albumen. 
Herbaceous  or  half-shrubby  plants.  Leaves  alternate,  without  stipules. 

Order  52. —  Turneracea.  Calyx  often  coloured,  with  5  lobes,  imbricated. 
Petals  5,  equal,  twisted;  stamens  distinct.  Ovary  with  3  placentae;  ovules 
indefinite:  styles  3  or  6,  cohering  more  or  less.  Capsule  3-valved,  the  valves 
bearing  the  placentae  in  the  middle.  Seeds  with  a  thin  aril  on  one  side  ;  embryo 
in  the  middle  of  fleshy  albumen.  Herbaceous  plants.  Leaves  alternate,  without 
stipules,  with  occasionally  two  glands  at  the  apex  of  the  petiole. 

Alliance  4. —  Bixales.  Polyandrous,  without  any  crown  of  sterile  stamens. 
Leaves  usually  dotted. 

Order  53. — Bixacece.  Sepals  4-7,  imbricated.  Petals  of  a  like  number.  Sta¬ 
mens  indefinite,  distinct.  Ovary  sessile;  placentae  4-7;  style  1-2-4.  Fruit 
many-seeded.  Seeds  enveloped  in  pulp.  Albumen  hardly  present.  Trees  or 
shrubs.  Leaves  alternate  with  deciduous  stipules  and  pellucid  dots. 
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Group  4. — CaljuoSae. 

Calyx  incompletely  whorled,  two  of  the  sepals  being  exterior.  Placenta;  not 
parietal  in  the  ovary.  Fruit  never  inferior.  Albumen,  if  present,  of  nearly  the 
same  volume  as  the  embryo. 

Alliance  1. — Guttales.  Stamens  indefinite.  Albumen  absent.  Petals  and 

sepals  equal  in  number. 

Order  54. —  Clusiacecc  or  Guttifercc.  Sepals  2  to  6  persistent.  Petals  hypo- 
gynous,  4  to  10.  Stamens  numerous,  hypogynous.  Disk  fleshy,  occasionally 
5-lobed.  Ovary  5-  or  many-celled  ;  ovules  solitary,  erect,  or  ascending,  or  numer¬ 
ous  and  attached  to  central  placentae ;  style  very  short ;  stigma  peltate  or 
radiate.  Seeds  frequently  nestling  in  pulp,  frequently  with  an  aril ;  albumen 
none.  Trees  or  shrubs.  Leaves  without  stipules,  opposite,  coriaceous. 

Sub-07'der — Canellece.  Seeds  albuminous. 

Order  55. — Rhizobolacece.  Sepals  5,  imbricated.  Petals  5,  thickish.  Stamens 
extremely  numerous,  slightly  monadelphous.  Ovary  4-6-celled ;  stigma  simple. 
Fruit  of  4-6  combined  nuts;  each  nut  1-seeded,  1 -celled,  with  a  thick  double 
putamen.  Seed  uniform,  without  albumen  ;  radicle  very  large,  constituting 
nearly  the  whole  of  the  almond-like  nut.  Trees.  Leaves  opposite,  without 
stipules. 

Order  bb.—Marcgraaviaceoe.  Sepals  2  to  7.  Corolla  hypogynous  ;  some¬ 
times  gamopetalous.  Stamens  indefinite  ;  anthers  long.  Ovary  usually  furrowed, 
many-celled,  many  -  seeded ;  stigma  simple  or  capitate  ;  ovules  numerous 
attached  to  a  central  placenta.  Capsule  coriaceous.  Seeds  very  minute  and 
numerous,  nestling  in  pulp.  Shrubs.  Leaves  alternate.  Peduncles  naked,  or 
furnished  with  either  simple  or  cucullate  hollow  bracts. 

Order  57. — Hypericacece.  Sepals  4-5,  persistent,  unequal,  with  glandular 
dots.  Petals  4-5,  hypogynous,  twisted,  oblique,  often  having  black  dots. 
Stamens  indefinite,  hypogynous.  Slyles  several.  Fruit  a  capsule  or  berry,  of 
many  valves  and  many  cells.  Seeds  minute,  indefinite ;  embryo  straight,  with 
no  albumen. — Herbaceous  plants,  shrubs  or  trees.  Leaves  opposite,  entire, 
sometimes  dotted.  Flowers  generally  yellow. 

Sub-order — Ochranlhece.  Stamens  definite.  Stipules.  Serrated  leaves. 

Alliance  2. — Theales.  Stamens  indefinite  hi  number.  Albumen  absent.  The 
petals  and  sepals  not  equal  to  each  other  in  number,  gradually  passing  the  one 
into  the  other. 

Order  58. —  Ternstromiacecv.  Sepals  5  or  7,  coriaceous,  deciduous.  Petals  not 
equal  in  number  to  the  sepals.  Stamens  numerous  ;  monadelphous  or  polya¬ 
delphous.  Ovary  with  several  cells ;  styles  filiform.  Capsule  2-7-celled  ; 
usually  with  a  central  column.  Seeds  large,  attached  to  the  axis,  very  few ; 
albumen  none  ;  cotyledons  occasionally  plaited  lengthwise.  Trees  or  shrubs. 
Leaves  alternate,  without  stipules,  now  and  then  with  pellucid  dots. 

Alliance  3. — Acerales.  Stamens  definite  in  number.  Flowers  usually  unsym- 
metrical  in  their  parts,  or  more  or  less  irregular  ;  in  the  majority  small  and 
disposed  in  a  compound  inflorescence. 

Order  59. — Aceracece.  Calyx  imbricated.  Petals  inserted  round  an  hypo¬ 
gynous  disk.  Stamens  inserted  upon  an  hypogynous  disk,  generally  8.  Ovary 
2-lobed  ;  style  1  ;  fruit  of  2  parts,  which  are  samaroid  ;  each  1 -celled  ;  with  one 
or  two  seeds ;  albumen  none.  Trees.  Leaves  opposite,  wthiout  stipules. 
Flowers  often  polygamous. 

Order  60. — Sapindacece.  Flowers  polygamous.  Calyx  imbricated.  Petals 
hypogynous,  sometimes  naked,  sometimes  with  a  doubled  appendage  in  the 
inside,  imbricated.  Disk  fleshy.  Stamens  8-10,  rarely  5-6-7.  Ovary  3-celled, 
the  cells  containing  1,  2,  3,  very  seldom  more,  ovules.  Fruit  sometimes  cap¬ 
sular,  sometimes  samaroid,  sometimes  fleshy  and  indehiscent.  Seeds  usually 
with  an  aril.  Albumen  0.  Trees,  or  shrubs  which  often  climb  and  have 
tendrils. 

_  Sub-order — Millingtoniece.  Flowers  minute,  very  irregular.  Stamens  oppo¬ 
site  the  petals,  3  sterile,  2  fertile.  Ovary  2-celled.  Fruit  a  1 -celled  drupe. 

Order  61. — /Esculacece.  Calyx  campanulate,  5-lobed.  Petals  4  or  5,  unequal, 
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hypogynous.  Stamens  7-8,  unequal.  Ovary  3-celled ;  ovules  2  in  each  cell. 
Fruit  1-2-  or  3-valved.  Seeds  large,  roundish,  with  a  broad  hilum;  albumen 
none  ;  embryo  curved,  germinating  under  ground.  Trees  or  shrubs.  Leaves 
opposite,  without  stipules,  quinate  or  septenate.  Racemes  terminal. 

Order  62.—  Polygalacece.  Sepals  5,  very  irregular,  often  glumaceous.  Petals 
hypogynous,  usually  3,  of  which  1  is  anterior  and  larger  than  the  rest.  Stamens 
hypogynous,  8,  usually  in  a  tube  ;  anthers  innate,  1-celled  and  opening  at  their 
apex.  Ovary  with  2  or  3  cells  ;  ovules  solitary,  pendulous.  Seeds  pendulous, 
with  a  caruncula  next  the  hilum  ;  albumen  abundant.  Shrubs  or  herbaceous 
plants.  Leaves  alternate,  destitute  of  stipules.  Pedicels  with  3  bracts. 

Order  63. —  Vochyacece.  Sepals  4-5,  the  upper  one  calcarate.  Petals  1,  2,  3, 
or  5.  Stamens  1-5,  from  the  bottom  of  the  calyx.  Ovary  superior,  3-celled  ; 
ovules  solitary  or  twin,  attached  to  the  base  of  the  axis.  Capsule  3-cornered, 
3-celled,  3-valved.  Seed  without  albumen,  erect.  Trees.  Branches  opposite, 
when  young  4-cornered.  Leaves  opposite,  with  2  stipules. 

Alliance  4. — Cistales.  Flowers  regular.  Albumen  present  in  the  seeds. 

’  Order  64. — Elatinacece.  Sepals  3-5.  Petals  hypogynous.  Stamens  hypo¬ 
gynous.  Ovary  3-5-celled  ;  styles  3-5  ;  stigmas  capitate.  Fruit  capsular.  Seeds 
numerous,  embryo  straight,  with  but  little  albumen.  Annuals.  Leaves  opposite 
with  stipules.  Flowers  minute. 

Order  65. — Linacece.  Sepals  3-4-5,  imbricated,  persistent.  Petals  hypogynous, 
unguiculate,  twisted.  Stamens  united  in  an  hypogynous  ring.  Ovary  with  about 
as  many  cells  as  sepals.  Styles  equal  in  number  to  the  cells  ;  stigmas  capitate. 
Capsule  many-celled.  Seeds  in  each  cell  single,  inverted  ;  albumen  present. 
Herbaceous  plants  or  small  shrubs.  Leaves  without  stipules,  usually  alter¬ 
nate.  Petals  fugitive. 

Order  66. — Hugoniacece.  Calyx  without  an  'involucre, ’permanent,  the  sepals 
very  unequal.  Petals  5,  shortly  unguiculate,  twisted.  Stamens  10,  hypogynous, 
slightly  monadelphous.  Ovary  stalked,  5-celled  ;  ovules  2,  pendulous.  Styles 

5,  distinct.  Fruit  containing  5  bony  nuts.  Embryo  in  the  axis  of  fleshy  albu¬ 
men.  Shrubs.  Leaves  alternate,  with  subulate  stipules.  Peduncles  often 
transformed  into  cireinate  spines. 

Order  67. —  Chlenacecc.  Involucre  1-2-flovvered.  Sepals  3,  small.  Petals  5  or 

6,  hypogynous.  Stamens  either  very  numerous  or  10.  Ovary  3-celled  ;  style  1. 
Capsule  3-celled.  Seeds  solitary  or  numerous,  suspended ;  albumen  firm. 
Trees  or  shrubs.  Leaves  alternate,  with  stipules. 

Order  68. —  Cistacece.  Sepals  5,  persistent,  unequal,  the  three  inner  twisted. 
Petals  5,  crumpled,  twisted  in  a  direction  contrary  to  that  of  the  sepals.  Stamens 
indefinite,  hypogynous.  Ovary  1-  or  many-celled ;  ovules  with  their  foramen 
at  their  apex;  style  single  ;  stigma  simple.  Fruit  either  1-celled  with  parietal 
placentae,  or  imperfectly  5-  or  10-celled.  Seeds  indefinite.  Embryo  inverted, 
either  spiral  or  curved  in  the  midst  of  mealy  albumen.  Radicle  remote  from 
the  hilum.  Shrubs  or  herbaceous  plants.  Leaves  usually  entire,  stipulate  or 
exstipulate. 

Order  69. — Reaumuriacece.  Calyx  5-parted,  surrounded  externally  by  imbri¬ 
cated  bracts.  Petals  5,  hypogynous.  Stamens  hypogynous.  Ovary  superior ; 
styles  several,  filiform.  Fruit  with  2  to  5  valves.  Seeds  definite,  villous,  erect ; 
embryo  surrounded  by  a  mealy  albumen ;  radicle  next  the  hilum.  Shrubs. 
Leaves  fleshy,  scale-like,  without  stipules.  Flowers  solitary. 

Group  5. — J?muavpodtir. 

The  carpels  united  into  a  solid  pistil.  Calyx  not  having  the  sepals  in  a 
broken  whorl.  Placentae  not  parietal.  Ovary  not  inferior.  Carpels  not  placed 
obliquely  upon  a  central  gynobase ;  or  if  they  are,  then  either  in  more  rows  than 
one  or  of  a  larger  number  than  5. 

Alliance  1. — Malvales.  /Estivation  of  calyx  valvate.  Carpels  4  or  more. 
Stamens  generally  monadelphous ;  the  calyx  long  and  tubular  when  that  is  not 
the  case.  Hairs  mostly  starry. 

Order  70. — Sterculiacea.  Petals  hypogynous,  convolute,  often  saccate  at  the 
base.  Stamens  definite  or  ^indefinite,  some  among  them  often  sterile  ;  anthers 
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2- celled,  sometimes  anfractuose.  Pistil  often  seated  upon  a  gynophore.  Styles 
equal  in  number  to  the  carpels ;  ovules  erect.  Seeds  often  winged,  sometimes 
woolly ;  albumen  oily  or  fleshy,  rarely  wanting  ;  cotyledons  foliaceous,  flat,  and 
plaited.  Trees  or  shrubs.  Leaves  alternate,  with  stipules. 

Order  71. — Malvacece.  Sepals  3  or  4,  hypogynous,  twisted.  Stamens  inde¬ 
finite,  monadelphous  ;  anthers  1-celled,  reniform.  Ovary  formed  by  the  union  of 
several  carpels;  styles  the  same  number  as  the  carpels.  Fruit  either  capsular 
or  baccate  ;  albumen  none ;  embryo  curved,  with  twisted  and  doubled  coty¬ 
ledons.  Herbeceous’plants,  trees,  or  shrubs.  Leaves  alternate,  stipulate. 

Order  72. — Elceocarpacece.  Sepals  4  or  5.  Petals  4  or  5,  hypogynous,  lobed 
or  fringed  at  the  point.  Disk  glandular.  Stamens  hypogynous  or  perigynous, 
some  multiple  of  the  sepals ;  filaments  short,  distinct;  anthers  long,  filiform, 
4-cornered,  opening  by  an  oblong  pore  at  the  apex.  Ovary  two  or  many- 
celled.  Fruit  variable.  Seeds  1,  2,  or  more  in  each  cell ;  albumen  fleshy.  Trees 
or  shrubs.  Leaves  alternate,  simple,  with  deciduous  stipules. 

Order  73. — Dipteraceae.  Calyx  tubular,  5-lobed,  unequal,  afterwards  enlarged, 
imbricated.  Petals  contorted.  Stamens  indefinite,  hypogynous,  distinct ;  anthers 
subulate,  opening  longitudinally  towards  the  apex.  Ovary  without  a  disk, 
lew-celled;  ovules  in  pairs,  pendulous  ;  style  single.  Fruit  surrounded  by  the 
calyx,  having  tough,  leafy,  enlarged,  permanent  divisions.  Seed  single,  without 
albumen.  Cotyledons  crumpled.  Trees.  Leaves  alternate,  involute  inverna¬ 
tion  ;  stipules  deciduous. 

Order  74. —  Tiliacece.  Sepals  4  or  5.  Petals  4  or  5,  usually  with  a  little  pit 
at  their  base.  Stamens  hypogynous,  distinct ;  anthers  2-celled.  Ovary  single, 
composed  of  from  4  to  10  carpels;  style  one;  stigmas  as  many  as  the  carpels. 
Fruit  dry.  Seeds  numerous ;  embryo  erect  in  the  axis  of  fleshy  albumen,  with 
flat  foliaceous  cotyledons.  Trees  or  shrubs,  very  seldom  herbaceous  plants. 
Leaves  stipulate,  alternate. 

Order  75. — Lythracece.  Calyx  monosepalous.  Petals  inserted  between  the 
lobes  of  the  calyx,  very  deciduous.  Stamens  inserted  into  the  tube  of  the  calyx 
below  the  petals.  Ovary  2- or  4-celled ;  style  filiform  ;  capsule  membranous, 
covered  by  the  calyx,  usually  ] -celled.  Seeds  numerous,  without  albumen. 
Herbs,  rarely  shrubs.  Branches  frequently  4-cornered.  Leaves  without  stipules. 

Alliance  2. — Meliales.  /Estivation  of  calyx  imbricated.  Carpels  4  or  a 
larger  number.  Stamens  very  generally  monadelphous  in  a  kind  of  cup.  Seldom 
or  never  hairy. 

Orderly. — Meliacecu.  Sepals  3,  4,  or  5.  Petals  hypogynous,  usually  valvate. 
Stamens  twice  as  many  as  the  petals;  filaments  cohering  in  a  long  tube; 
anthers  sessile  within  the  orifice  of  the  tube.  Ovary  with  3,10,  12  cells; 
ovules  1-2  in  each  cell.  Fruit  often  1-celled.  Seeds  without  albumen,  not 
winged.  Trees  or  shrubs.  Leaves  alternate,  without  stipules. 

Order  77. —  Cedrelacece.  Calyx  4-5-cleft.  Petals  4-5.  Stamens  8-10,  either 
united  or  distinct.  Style  and  stigma  simple.  Seeds  flat-winged.  Trees  with 
timber  which  is  usually  compact,  scented  and  beautifully  veined.  Leaves 
alternate,  without  stipules. 

Order  78. — Humiriacece.  Calyx  5-parted.  Stamens  hypogynous,  numerous, 
monadelphous  ;  anthers  with  a  fleshy  connective  extended  beyond  the  lobes. 
Ovary  5 -celled  ;  ovules  1-2  suspended ;  style  simple.  Fruit  drupaceous.  Em¬ 
bryo  in  fleshy  albumen.  Trees  or  shrubs.  Leaves  alternate,  without  stipules.! 

Order  79. — Aurantiacece.  Calyx  urceolate  or  campanulate,  short.  Petals 

3- 5,  inserted  upon  the  outside  of  an  hypogynous  disk.  Stamens  inserted  upon  an 
hypogynous  disk  ;  filaments  sometimes  combined  in  one  or  several  parcels. 
Ovary  many-celled,  style  1  ;  stigma  thickish.  Fruit  many-celled,  filled  with 
pulp.  Seeds  usually  pendulous  ;  raphe  and  chalaza  distinctly  marked.  Trees 
or  shrubs,  almost  always  smooth  and  filled  with  transparent  receptacles  of  oil. 
Leaves  alternate,  often  compound,  always  articulated  with  the  petiole. 

Order  80. — Spondiacece.  Calyx  5-cleft.  Petals  5,  inserted  below  a  disk  sur¬ 
rounding  the  ovary.  Stamens  10,  perigynous.  Disk  annular.  Ovary  2-5-celled, 
styles  5  ;  stigmas  obtuse ;  ovule  1  in  each  cell,  pendulous.  Fruit  drupaceous, 
2-5-celled.  Seeds  without  albumen.  Trees  without  spines.  Leaves  alternate, 
without  pellucid  dots.  ’ 
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Alliance  3. — Rhamnales.  /Estivation  of  the  calyx  valvate.  Caipels  fewer 
than  4,  sometimes  slightly  adhering  to  the  calyx.  Hairs  if  present  never  starry. 
All  shrubs. 

Order  8\.—Rhamnacecr.  Calyx  4-5 -cleft,  valvate.  Petals  distinct,  inserted 
into  the  orifice  of  the  calyx.  Stamens  definite,  opposite  the  petals.  Ovary 
superior,  or  half-superior,  2-  3-  or  4-celled ;  ovules  solitary,  erect.  Albumen 
fleshy ;  embryo  with  large  flat  cotyledons,  and  a  short  inferior  radicle.  Trees 
or  shrubs.  Leaves  alternate  with  minute  stipules.  Flowers  axillary  or  terminal, 
minute. 

Order  82. — Chailletiacecc.  Sepals  with  an  incurved  valvate  aestivation.  Petals 
alternate  with  the  sepals,  and  arising  from  the  base  of  the  calyx.  Stamens  5  ;  _ 
glands  5,  hypogynous,  opposite  the  petals.  Ovary  2-  3-celled.  Ovules  twin, 
pendulous  ;  style  simple.  Fruit  drupaceous,  1-  2-  or  3-celled.  Seeds  without 
albumen.  Trees  or  shrubs.  Leaves  alternate,  with  two  stipules.  Flowers 
small,  axillary. 

Order  83. — Tremandracece.  Sepals  4  or  5,  equal,  valvular,  deciduous.  Petals 
involute,  much  larger  than  the  calyx.  Stamens  hypogynous,  2  before  each 
petal ;  anthers  2-  or  4-celled,  opening  by  a  pore  at  the  apex.  Ovary  2-celled  ; 
ovules  from  1  to  3,  pendulous.  Fruit  capsular.  Seeds  with  a  thickened  appen¬ 
dage  at  the  apex;  embryo  in  the  axis  of  a  fleshy  albumen.  Slender  heath-like 
shrubs.  Leaves  without  stipules.  Flowers  often  large  and  showy. 

Order  84. — Nitrariacece.  Calyx  5-toothed.  Corolla  of  5  petals  which  arise 
from  Ihe  calyx,  with  an  inflexed  valvular  aestivation.  Stamens  3  times  the 
number  of  the  petals,  perigynous.  Ovary  3-  or  more-celled,  with  a  fleshy 
style ;  ovules  pendulous,  by  means  of  a  long  funiculus.  Fruit  drupaceous. 
Seeds  with  no  albumen.  Shrubs,  with  succulent  alternate  leaves,  which  are 
sometimes  fascicled. 

Order  85. — Burseracece.  Calyx  persistent,  with  from  2  to  5  divisions. 
Petals  3-5,  inserted  below  a  disk ;  aestivation  valvate.  Stamens  2  or  4-times 
as  many  as  the  petals,  perigynous.  Ovary  2-5-celled  ;  style  1 ;  ovules  in  pairs, 
attached  to  the  axis.  Fruit  drupaceous.  Seeds  without  albumen.  Trees  or 
shrubs.  Leaves  alternate,  equally  pinnate,  occasionally  with  stipules,  usually 
without  pellucid  dots. 

Alliance  4. — Euphorbiales.  /Estivation  of  calyx  imbricated.  Carpels  fewer 
than  four  ;  very  often  three.  Hairs  frequently  starry  if  present. 

Order  86. — Euphorbiacece.  Flowers  monoecious  or  dioecious.  Calyx  lobed, 
sometimes  wanting.  Corolla  consisting  of  petals  or  scales,  or  absent.  Stamens 
definite  or  indefinite.  Ovary  superior,  2-  or  3-celled  ;  ovules  solitary  or  twin, 
suspended  ;  styles  equal  in  number  to  the  cells  ;  stigma  compound  or  single. 
Fruit  generally  consisting  of  3  dehiscent  cells,  separating  with  elasticity  from 
their  common  axis ;  embryo  in  fleshy  albumen.  Trees,  shrubs,  or  herbaceous 
plants,  often  abounding  in  acrid  milk.  Leaves  opposite  or  alternate,  usually 
with  stipules.  Flowers  sometimes  enclosed  within  an  involucre. 

Order  87. — Empetracece.  Flowers  unisexual.  Sepals  hypogynous,  imbri¬ 
cated  scales.  Stamens  equal  in  number  to  the  inner  sepals,  and  alternate  with 
them.  Ovary  3-  6-  or  9-celied  ;  ovules'solitary,  ascending  ;  stigma  radiating. 
Fruit  fleshy,  3-  6-  or  9-celled ;  the  coating  of  the  cells  bony  ;  embryo  in  the  axis 
of  fleshy  watery  albumen.  Small  acrid  shrubs  with  heath-like  evergreen  leaves 
and  minute  flowers. 

Order  88. — Staekhousiacece.  Calyx  1-leaved,  5-cleft,  with  an  inflated  tube. 
Petals  5,  arising  from  the  top  of  the  tube  of  the  calyx  ;  their  claws  combined  in 
a  tube  longer  than  the  calyx.  Stamens  5,  unequal,  arising  from  the  throat  of 
the  calyx.  Ovary  3-  or  5-lobed,  the  lobes  with  a  single  erect  ovule  ;  styles 
from  3  to  5,  sometimes  combined.  Fruit  of  from  3  to  5  indehiscent  pieces. 
Embryo  in  the  axis  of  fleshy  albumen.  Herbaceous  plants.  Leaves  simple, 
alternate.  Stipules  very  minute. 

Order  89. — Fouquieracece.  Sepals  5,  imbricated.  Petals  in  a  long  tube, 
regular.  Stamens  10-12,  inserted  on  the  calyx.  Style  filiform ;  ovules  numerous. 
Capsule  3-celled,  3-valved  ;  seeds  winged.  Embryo  in  the  centre  of  thin  fleshy 
albumen.  Trees  or  shrubs.  Leaves  fleshy,  clustered  in  the  axil  of  a  spine. 

Order  90. — Celastracece.  Sepals  4  or  5,  imbricated,  inserted  into  the  margin 
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of  an  expanded  torus.  Petals  imbricate.  Stamens  alternate  with  the  petals, 
inserted  into  the  disk.  Disk  large,  expanded,  flat,  closely  surrounding  the 
ovary.  Ovary  with  3  or  4  cells;  ovules  ascending ;  albumen  fleshy.  Shrubs. 
Leaves  simple.  Flowers  in  axillary  cymes,  minute. 

Sub-order — Hippocratecc.  Sepals  and  petals  5.  Stamens  3. 

Sub  order—  Trigonieee.  Sepals  and  petals  unequal,  the  latter  papilionaceous. 
Stamens  10-12,  monadelphous,  out  of  the  centre. 

Order  01. — Staphyleacece.  Sepals  5,  coloured,  imbricated.  Petals  5,  imbri¬ 
cated.  Stamens  alternate  with  the  petals,  perigynous.  Disk  large,  urceolate. 
Ovary  2-  or  3-celled,  superior ;  ovules  erect ;  styles  2  or  3,  cohering.  Fruit 
membranous  or  fleshy.  Seeds  with  a  bony  testa;  hilum  large;  albumen  none. 
Shrubs.  Leaves  opposite,  pinnate,  with  both  common  and  partial  stipules. 

Order  92. — Malpighiacece.  Sepals  generally  with  a  definite  number  of  con¬ 
spicuous  glands.  Petals  5,  unguiculate;  stamens  seldom  fewer.  Ovary  1,  of  3 
carpels,  more  or  less  combined  ;  ovules  suspended.  Fruit  dry  or  berried.  Seeds 
without  albumen.  Small  trees  or  shrubs,  sometimes  climbing.  Leaves  opposite, 
with  stipules. 

Sub-order — Erythroxylece.  Petals  sessile,  with  a  plaited  scale  at  the  base. 
Albumen  horny.  Shrubs  or  trees.  Young  shoots  covered  with  imbricated 
scales.  Leaves  alternate  with  axillary  stipules. 

Alliance  5. — Silenales.  Embryo  rolled  round  mealy  albumen ;  or  if  this  is 
not  the  case,  herbaceous  plants  with  the  joints  of  the  stem  tumid ;  or  with  scales 
replacing  leaves  upon  rod-like  branches.  Almost  all  herbs  or  small  shrubs. 

Order  93. — Portulacaceai.  Sepals  2.  Petals  generally  5.  Stamens  inserted 
irregularly  into  the  calyx,  or  hypogynous,  variable  in  number.  Ovary  1 -celled; 
style  single,  stigmas  several.  Capsule  1-eelled.  Seeds  attached  to  a  central 
placenta.  Embryo  curved  round  the  albumen.  Succulent  shrubs  or  herbs. 
Leaves  without  stipules,  sometimes  with  membranous  ones.  Flowers  usually 
ephemeral. 

Order  94. — Silenacece.  Sepals  4-5,  united  into  a  permanent  tube.  Petals 
stalked.  Stamens  hypogynous,  definite.  Ovary  stalked,  usually  many-seeded 
with  a  free  central  placenta.  Stigmas  sessile,  2-5.  Capsule  2-5  valved.  Seeds 
usually  with  the  embryo  curved  round  mealy  albumen.  Herbaceous  plants  with 
opposite  undivided  exstipulate  leaves,  and  tumid  nodes. 

Order  95. — Alsinacece.  Sepals  4-5.  Petals  often  2-lobed,  deciduous,  on  the 
outside  of  a  ring,  which  is  more  or  less  perigynous.  Stamens  inserted  into  the 
ring.  Ovary  1-celled,  many-seeded.  Stigmas  2-5,  linear,  sessile.  Capsule 
1-celled.  Seeds  attached  to  a  free  central  placenta.  Embryo  curved  round 
mealy  albumen.  Herbaceous  plants  with  tumid  joints.  Leaves  opposite,  undi¬ 
vided,  often  connate.  Stipules  none. 

Order  9G. —  Tamaricacece.  Calyx  4-or  5-parted,  persistent.  Petals  withering. 
Stamens  hypogynous,  distinct  or  monadelphous.  Stigmas  3.  Capsule  3-valved, 
1-celled,  many-seeded.  Seeds  ascending,  comose;  embryo  straight.  Shrubs  or 
herbs,  with  rod-like  branches.  Leaves  alternate,  resembling  scales. 

Order  97. — Illecebracece .  Sepals  3,  4,  or  5.  Petals  minute.  Stamens  perigy¬ 
nous.  Ovary  superior;  styles  2-5.  Fruit  small,  dry,  1-celled,  rarely  3-celled. 
Seeds  upon  a  central  placenta,  embryo  lying  on  one  side  of  the  albumen. 
Herbaceous  or  half-shrubby  plants,  with  entire  leaves  and  scarious  stipules. 
Flowers  minute,  with  scarious  bracts. 

Group  6. — ©imobaScoSflf. 

Carpels  about  5  in  a  single  whorl,  diverging  at  the  base  in  consequence  of  the 
interposition  of  a  conical  gynobase.  Stamens  usually  hypogynous. 

Alliance  1. — Rutales.  Style  single,  or  leaves  marked  with  pellucid  dots. 

Order  98. — Ochnacece.  Sepals  persistent,  imbricated.  Pelals  hypogynous, 
sometimes  twice  as  many  as  the  sepals.  Stamens  5,  10,  or  indefinite,  hypogy¬ 
nous  ;  anthers  opening  by  pores.  Carpels  upon  an  enlarged  fleshy  disk,  style 
one ;  ovule  erect.  Fruit  of  many  pieces,  somewhat  drupaceous,  1-seeded. 
Seeds  without  albumen.  Very  smooth  trees  or  shrubs.  Leaves  alternate,  with 
stipules. 
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Order  99. — Simarnbacece.  Flowers  hermaphrodite,  or  unisexual.  Calyx  in  4 
ora  divisions.  Petals  longer;  estivation  twisted.  Stamens  arising  from  the 
back  of  an  hypogynous  scale.  Ovary  4-  or  5-lobed  upon  a  stalk,  each  cell  with  1 
suspended  ovule  ;  style  simple.  Fruit  indehiscent ;  embryo  without  albumen. 
Trees  or  shrubs.  Leaves  without  stipules,  alternate,  without  dots. 

Order  100. — Rutacece.  Flowers  hermaphrodite,  sometimes  irregular.  Sepals 

4- 5.  Petals  sometimes  combined.  Stamens  definite,  hypogynous,  on  the  out¬ 
side  of  a  cup-like  disk.  Ovary  few-celled ;  ovules  2-4  ;  style  single,  occasionally 
divided  near  the  base.  Fruit  capsular.  Embryo  with  or  without  albumen ; 
radicle  superior.  Trees  or  shrubs  (or  herbs).  Leaves  exstipulate,  dotted. 

Order  101. —  Zygophyllacece.  Flowers  hermaphrodite.  Calyx  convolute.. 
Petals  unguiculate.  Stamens  dilated  at  the  base,  sometimes  placed  on  the 
back  of  a  small  scale,  hypogynous.  Ovary  with  a  disk  with  4  or  5  cells  ;  ovules 
pendulous  or  erect ;  style  simple.  Fruit  capsular,  rarely  fleshy,  with  angles  or 
wings.  Seeds  fewer  than  the  ovules;  radicle  superior  ;  albumen  whitish.  Her¬ 
baceous  plants,  shrubs  or  trees ;  branches  often  articulated  at  the  joints.  Leaves 
opposite,  with  stipules,  not  dotted. 

Order  102. — Xanthoxylacece.  Flowers  unisexual.  Calyx  in  3,  4,  or  5  divisions. 
Petals  usually  longer  than  the  calyx,  convolute.  Stamens  equal  to  the  petals  in 
number,  or  twice  as  many.  Ovary  of  the  same  number  of  carpels  as  there  are 
petals,  or  of  a  smaller  number ;  ovules  2  ;  styles  more  or  less  combined.  Fruit 
berried  or  membranous,  sometimes  consisting  of  several  drupes  or  2-valved 
capsules.  Seeds  solitary  or  twin,  pendulous,  usually  smooth  and  shining; 
embryo  lying  within  fleshy  albumen  ;  radicle  superior.  Trees  or  shrubs.  Leaves 
without  stipules,  with  pellucid  dots. 

Alliance  2. — Geraniales.  Styles  distinct,  at  least  near  the  point.  Carpels 
combined  in  the  ovary.  Leaves  never  dotted.  Stamens  very  often  monadelphous. 

Order. 4  03.—  Geraniacecc.  Sepals  5,  ribbed.  Petals  5,  unguiculate.  Stamens 
definite,  hypogynous,  often  monadelphous.  Fruit  of  5  elastic  cocci  rolling  back 
from  a  long-beaked  gynobase  to  which  the  hardened  styles  adhere.  Seeds  soli¬ 
tary,  pendulous,  without  albumen.  Cotyledons  convolute  and  plaited.  Herbs 
or  shrubs  with  stipulate  leaves.  Stems  tumid,  and  separable  at  the  joints. 

Order  104. — Bulsaminacece.  Sepals  irregular;  the  odd  sepal  spurred.  Petals 
irregular.  Stamens  5,  symmetrical.  Carpels  consolidated  into  a  5-celled  ovary. 
Fruit  capsular,  with  5  elastic  valves.  Seeds  solitary,  or  numerous,  suspended; 
albumen  none.  Succulent  herbaceous  plants.  Leaves  without  stipules. 

Sub-order. —  Tropccolecc.  Fruit  indehiscent ;  the  lobes  fleshy  and  1-seeded. 

Order  105. —  Oxalidaceoe.  Sepals  5,  equal.  Petals  equal,  unguiculate.  Sta¬ 
mens  10,  more  or  less  monadelphous.  Styles  5;  stigmas  capitate.  Fruit 
capsular,  membranous,  with  5  cells.  Seeds  few,  within  a  fleshy  integument, 
which  expels  the  seeds  with  elasticity.  Albumen  between  cartilaginous  and 
fleshy.  Herbaceous  plants,  undershrubs,  or  trees.  Leaves  alternate,  compound. 

Alliance  3.—  Coriales.  Styles  and  carpels  perfectly  distinct. 

Order  106. —  Coriariacece.  Flowers  hermaphrodite,  monoecious  or  dioecious. 
Calyx  5-parted.  Petals  5,  fleshy,  with  an  elevated  keel.  Stamens  10.  Ovary 

5- celled,  5-angled ;  stigmas  5,  subulate.  Ovules  solitary.  Carpels  5,  indehiscent, 
1-seeded,  sometimes  surrounded  with  glandular  lobes.  Albumen  none.  Shrubs 
with  opposite  branches.  Leaves  simple,  entire. 

Order  107.— Surianacece.  Calyx  5-parted.  Petals  equal,  shortly  clawed. 
Stamens  indefinite,  hypogynous.  Carpels  5,  1-celled  with  2  ascending  ovules, 
stigmas  simple.  Pericarp  woody.  Seed  solitary,  erect.  Embryo  annular, 
without  albumen.  Woody  plants.  Leaves  alternate,  without  stipules. 

Alliance  4. — Fltirkeales.  Herbs.  A  simple  style.  Fruit  divided  into  deep 
lobes.  Gynobase  never  fleshy.  Stamens  perigynous. 

Order  108. — Limnanthacece.  Calyx  3-  5-parted,  valval e.  Petals  convolute. 
Stamens  perigynous  ;  the  filaments  opposite  the  sepals  having  a  projection  on 
the  outside.  A  thin  perigynous  disk.  Carpels  combined  by  a  single  style. 
Nuts  3-5,  berried,  1-seeded.  Seed  erect ;  embryo  large,  amygdaloid,  without 
albumen.  Soft  herbaceous  plants.  Leaves  divided,  without  stipules.  Flowers 
axillary.,; 
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Group  7. — ^pocarpotfac. 

"Carpels  distinct,  either  wholly  or  in  part.  Ovary  with  neither  a  gynobase  nor 
parietal  placentae.  Calyx  not  in  a  broken  whorl.  No  epigynous  disk. 

Alliance  1. — Rosales.  Albumen  wholly  absent. 

Order  109 .—Rosacea.  Calyx  with  a  disk  lining  the  tube.  Petals  perigynous, 
equal.  Stamens  indefinite,  arising  from  the  calyx.  Ovaries  superior,  solitary  or 
several,  1-celled ;  sometimes  cohering  into  a  plurilocular  pistil ;  styles  lateral. 
Fruit  1 -seeded  nuts,  or  acini,  or  follicles,  containing  several  seeds.  Embryo 
straight.  Herbaceous  plants  or  shrubs.  Leaves  simple  or  compound,  alternate, 
usually  with  stipules. 

Sub-order. — Pomew.  Calyx  superior.  Ovary  adhering  more  or  less  to  the 
sides  of  the  calyx  and  each  other;  ovules  ascending.  Fruit  a  pome.  Albumen 
none.  Trees  or  shrubs. 

Sub-order. — Amygdalece.  Calyx  inferior.  Carpel  solitary.  Fruit  a  drupe. 
Trees  or  shrubs. 

Sub-order. — Sanguisorbece.  Flowers  often  unisexual.  Calyx  with  a  thickened 
tube.  Petals  none.  Stamens  definite.  Ovary  solitary,  simple.  Ovule  solitary. 
Nut  solitary,  enclosed  in  the  tube  of  the  calyx.  Embryo  without  albumen. 
Herbaceous  plants  or  undershrubs,  occasionally  spiny. 

Order  110 .—Fabacece  (or  Leguminosae).  Calyx  inferior,  the  segments  often 
unequal,  and  variously  combined.  Petals  either  papilionaceous  or  regularly 
spreading.  Stamens  definite  or  indefinite,  perigynous,  or  hypogynous.  Ovary 
simple,  superior.  Fruit  a  legume.  Seeds  destitute  of  albumen.  Herbaceous 
plants,  shrubs,  or  trees.  Leaves  alternate;  petiole  tumid  at  the  base.  Stipules  2. 

Sub-order. — Cwsalpiniece.  Petals  regularly  spreading,  imbricated.  Stamens 
perigynous. 

Sub-order. — Mimosece.  Sepals  and  petals  valvate.  Stamens  hypogynous. 

Order  \\\.—Connaracece.  Calyx  5-parted,  persistent.  Petals  inserted  on  the 
calyx,  imbricated.  Stamens  hypogynous,  filaments  usually  monadelphous. 
Ovary  solitary  and  simple,  or  several  ;  ovules  2,  ascending ;  stigmas  usually 
dilated.  Fruit  dehiscent.  Seeds  often  with  an  aril.  Trees  or  shrubs.  Leaves 
compound,  not  dotted,  alternate,  without  stipules. 

Order  112. —  Chrysobalanacece.  Calyx  5-lobed.  Petals  more  or  less  irregular, 
either  5  or  none.  Stamens  definite  or  indefinite,  usually  irregular.  Ovary 
superior,  solitary,  cohering  more  or  less  on  one  side  with  the  calyx ;  ovules  erect. 
Fruit,  a  drupe  with  1  or  2  cells.  Seed  solitary,  erect.  Embryo  with  no  albu¬ 
men.  Trees  or  shrubs.  Leaves  simple,  alternate,  stipulate,  with  veins  that 
run  parallel  with  each  other  from  the  midrib  to  the  margin. 

Order  113. — Calycanthacece.  Sepals  and  petals  confounded,  indefinite,  com¬ 
bined  in  a  fleshy  tube.  Stamens  inserted  in  a  fleshy  rim.  Anthers  adnate, 
turned  outwards.  Ovaries  several,  simple  ;  ovules  solitary.  Nuts  enclosed  in 
the  fleshy  tube  of  the  calyx,  1 -seeded.  Albumen  none;  cotyledons  convolute. 
Shrubs  with  square  stems.  Leaves  opposite,  simple,  without  stipules. 

Alliance  2. — Saxales.  Carpels  two,  diverging  at  the  end,  many-seeded.  Em¬ 
bryo  in  the  axis  of  albumen. 

Order  114. — Baueracecv.  Sepals  inferior.  Petals  the  same  number.  Stamens 
indefinite  ;  anthers  bursting  by  pores.  Carpels  little  inferior.  Fruit  capsular. 
Shrubs.  Leaves  toothed,  ternate,  opposite,  without  stipules. 

Order  115. — Cunoniacece.  Calyx  4-  or  5-cleft,  half  superior.  Petals  4  or  5. 
Stamens  perigynous,  definite.  Styles  sometimes  combined.  Fruit  capsular  or 
indehiscent.  Embryo  in  the  axis  of  fleshy  albumen.  Trees  or  shrubs.  Leaves 
opposite,  compound,  or  simple,  with  interpetiolar  stipules. 

Order  116. — Saxifragacece.  Calyx  superior  or  inferior.  Petals  5,  or  none. 
Stamens  5-10,  perigynous  or  hypogynous;  anthers  bursting  longitudinally. 
Disk  hypogynous  or  perigynous,  rarely  consisting  of  5  scales.  Styles  none. 
Stigmas  sessile  on  the  tips  of  the  lobes  of  the  ovary.  Fruit  membranous. 
Seeds  numerous,  very  minute.  Embryo  taper,  in  the  axis  of  fleshy  albumen. 
Herbaceous  plants.  Leaves  simple. 

Alliance  3. — Crassales.  Carpels  several,  quite  distinct,  continuous  with  the 
styles.  Seeds  very  numerous  with  albumen. 
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Order  117. — Crassulacece.  Sepals  from  3  to  20.  Petals  either  distinct  or 
cohering.  Stamens  inserted  with  the  petals.  Hypogynous  scales  several,  l  at 
the  base  of  each  carpel.  Ovaries  of  the  same  number  as  the  petals,  opposite  to 
which  they  are  placed.  Fruit  of  several  follicles,  opening  in  their  face.  Seeds 
variable  in  number.  Succulent  herbs  or  shrubs.  Stipules  none.  Flowers 
usually  in  cymes. 

Alliance  4. — Balsamales.  Carpels  neither  two  and  diverging  at  the  apex; 
nor  numerous  with  an  hypogynous  scale.  Leaves  and  bark  abounding  in 
balsamic  juice. 

Order  118. — Amyridacece.  Calyx  minute.  Petals  4-5,  imbricated.  Stamens 
definite,  hypogynous.  Ovary  superior,  1-celled;  stigma  capitate;  ovules  pen¬ 
dulous.  Fruit  indehiscent,  glandular.  Seed  without  albumen  ;  radicle  superior. 
Resinous  trees  or  shrubs.  Leaves  compound,  with  pellucid  dots. 

Order  119. — Anacardiacece.  Flowers  unisexual.  Calyx  small.  Petals  peri- 
gynous,  imbricated.  Stamens  usually  definite.  Disk  fleshy,  hypogynous.  Ovary 
single,  very  rarely  5  or  G  ;  styles  1  or  3,  occasionally  4  ;  ovule  solitary,  attached 
by  a  cord  to  the  bottom  of  the  cell.  Fruit  indehiscent.  Seed  without  albumen. 
Trees  or  shrubs,  with  a  resinous  caustic  juice.  Leaves  alternate,  without 
pellucid  dots. 


Sub-Class  II.— INCOMPLETE. 

Corolla  absent.  Calyx  consisting  of  distinct  sepals,  or  of  several  combined 
into  a  tube  ;  very  often  incomplete  ;  often  absent. 

Group  1. — 3i\cctcmbn)o5ac. 

Calyx  exceedingly  imperfect,  often  rudimentary.  Embryo  straight,  with  or 
without  albumen. 

Alliance  1. — Amentales.  Flowers  in  catkins.  Carpels  two  or  more ,  combined. 
Trees  or  arborescent  shrubs. 

Order  120. — Corylacece  or  Cupuliferce.  Flowers  unisexual.  Stamens  5  to 
20.  Ovaries  crowned  by  the  rudiments  of  a  calyx,  wuthin  a  coriaceous  involucre, 
with  several  cells  and  several  ovules ;  ovules  pendulous.  Fruit  a  1-celled  nut, 
enclosed  in  the  involucre.  Seeds  solitary.  Trees  or  shrubs.  Leaves  with 
stipules,  alternate. 

Order  121.  —  Betulacece.  Flowrers  unisexual,  monoecious,  males  sometimes 
having  a  calyx.  Stamens  definite,  usually  distinct.  Ovary  superior,  2-celled  ; 
ovules  pendulous.  Fruit  membranous,  indehiscent,  1-celled.  Seeds  pendulous; 
albumen  none.  Trees  or  shrubs.  Leaves  alternate,  with  stipules. 

Order  122. — Scepacece.  Flowers  dioecious.  Males  in  catkins.  Calyx  minute 
and  membranous.  Stamens  2-5.  Females  in  axillary  racemes.  Calyx  of  six 
sepals,  inferior.  Ovary  with  two  cells  ;  style  0 ;  stigma  with  short  lobes ;  ovules 
pendulous,  with  a  broad  scale  projecting  from  the  placenta  and  covering  over 
the  foramen.  Capsule  2-celled.  Seeds  enveloped  in  a  succulent  aril  ; 
embryo  in  the  axis  of  albumen.  Trees.  Leaves  coriaceous,  alternate,  with 
membranous  stipules. 

Alliance  2.— Urticales.  Carpels  solitary ,  or  mare  than  one  combined  in  a 
syncarpous  pistil.  Stamens  continuous,  without  sheaths.  Flowers  never  pro¬ 
ducing  fruit  with  a  cupule. 

Order  123. —  Garryacece.  Flowers  dioecious.  Males  :  calyx  4-leaved.  Sta¬ 
mens  4.  Females:  calyx  superior,  2-toothed.  Ovary  1-celled;  ovides  2, 
pendulous.  Pericarp  berried,  indehiscent,  2-seeded.  Embryo  very  minute, 
in  the  base  of  fleshy  albumen.  A  shrub.  Leaves  opposite,  without  stipules. 
Flowers  in  pendulous  amentaceous  racemes. 

Order  124. — Hensloviacece.  Flowers  dioecious.  Calyx  with  a  woolly  disk, 
valvate.  Males :  stamens  5,  perigynous ;  anthers  2-celled,  with  a  broad  con¬ 
nective  and  oblique  lobes,  bursting  longitudinally.  Females :  ovary  superior, 
2-celled ;  ovules  indefinite.  Trees  with  opposite  entire  exstipulate  leaves. 
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Order  125. —  Trewiacere.  Flowers  dioecious.  Males:  sepals  3-4,  valvate. 
Stamens  numerous.  Females  :  calyx  inferior.  Style  4-cleft.  Drupe  4-celled, 
with  a  single  seed  in  each.  Embryo  inverted  and  furnished  with  albumen.  A 
tree.  Leaves  opposite,  exstipulate,  entire. 

Order  12G. —  Urticacece.  Flowers  monoecious  or  dioecious.  Calyx  membranous. 
Stamens  definite,  turned  backwards  with  elasticity.  Ovary  superior,  simple  ; 
ovule  solitary  ;  stigma  simple.  Fruit,  a  nut.  Embryo  with  or  without  albumen  ; 
radicle  always  superior.  Trees,  shrubs  or  herbs,  sometimes  lactescent.  Leaves 
alternate,  usually  covered  with  asperities  or  stinging  hairs  ;  with  stipules. 

Sub-order. — Ceratophyllecp.  Calyx  many-parted.  Stamens  12-20.  Nut  1- 
seeded,  terminated  by  the  hardened  stigma.  Seed  pendulous;  embryo  with  4 
cotyledons,  and  a  many-leaved  placenta. 

Order  127.  U Imacece.  Flowers  hermaphrodite.  Calyx  campanulate,  inferior, 
irregular.  Stamens  definite.  Ovary  2-celled  ;  ovules  solitary,  pendulous.  Fruit 

1-  or  2-celled,  indehiscent,  membranous  or  drupaceous.  Seed  pendulous ;  albu¬ 
men  none ;  radicle  superior.  Trees  or  shrubs,  with  scabrous  alternate  leaves  and 
stipules. 

Order  128. — Stilagmacece.  Flowers  unisexual.  Calyx  3-5-parted.  Stamens 
2  or  more,  from  a  tumid  receptacle.  Anthers  2-lobed,  with  vertical  lobes~open- 
ing  transversely.  Ovary  superior ;  stigma  3-  4-toothed.  Fruit  drupaceous. 
Seed  solitary,  suspended,  albuminous.  Trees  or  shrubs.  Leaves  alternate, 
stipulate. 

Order  129.  —  Myricacece.  Flowers  unisexual,  amentaceous,  achlamydeous. 
Stamens  6  or  8.  Ovary  1-celled,  surrounded  by  several  hypogynous  scales ; 
ovule  solitary,  erect ;  stigmas  2.  Fruit  drupaceous,  or  dry  and  dehiscent.  Seed 
solitary,  erect ;  radicle  superior.  Leafy  shrubs,  with  resinous  glands  and  dots, 
leaves  alternate. 

Order  130.— Juglandacea?.  Flowers  unisexual.  Calyx  in  the  males  mem¬ 
branous  ;  in  the  females  superior.  Petals  in  the  males  0  ;  in  the  females  occa¬ 
sionally  present.  Stamens  indefinite,  hypogynous.  Ovary  inferior,  incompletely 

2-  4-ce!led  ;  ovule  solitary,  erect.  Fruit  drupaceous,  i-celled,  with  4  imperfect 
partitions.  Seed  4-lobed  ;  radicle  superior.  Trees.  Leaves  alternate,  pinnated, 
without  pellucid  dots  or  stipules. 

Alliance  3.— Casuarales.  Carpels  solitary.  Stems  jointed  and  furnished  with 
sheaths. 

Order  131. —  Casuaracece.  Flowers  unisexual.  Males.  Flowers  whorled 
about  the  articulations  of  the  jointed  rachis.  Bracts  membranous.  Stamen  1. 
Females  in  dense  spikes.  Rachis  not  jointed.  Calyx  0.  Ovary  lenticular. 
Styles  2.  Caryopsides  winged.  Seed  erect  without  albumen.  Branching 
weeping  trees,  with  jointed  shoots.  Leaves  0. 

Alliance  4. — Datiscales.  Carpels  several.  Seeds  numerous.  Leaves  alternate. 

Order  132. — Datiscacece.  Flowers  unisexual.  Calyx  of  the  males  in  several 
pieces;  of  the  females  superior,  toothed.  Stamens  several.  Ovary  1-celled, 
with  polyspermous  parietal  placentae.  Fruit  capsular,  1 -celled.  Seeds  with  a 
cupulate  strophiole ;  embryo  without  albumen.  Herbaceous  branched  plants. 
Leaves  alternate  without  stipules. 

Order  133. — Lacistemacece.  Calyx  in  several  narrow  divisions,  inferior.  Sta¬ 
mens  hypogynous,  on  one  side  of  the  ovary,  with  a  thick  2-lobed  connective. 
Ovary  superior,  1-celled,  with  several  ovules  attached  to  parietal  placentae. 
Fruit  capsular,  1-celled.  Seed  suspended,  with  a  fleshy  aril  ;  albumen  fleshy ; 
embryo  inverted.  Small  trees  or  shrubs.  Leaves  simple,  with  stipules. 

Group  2. — Skljlampbosac. 

Neither  calyx  nor  corolla  present. 

Alliance  1. — Piperales.  Carpels  either  solitary,  or  if  more  than  one  quite 
distinct.  Flowers  in  spikes.  Embryo  minute  in  the  base  of  fleshy  albumen. 

Order  134  —Chlomnthacece.  Flowers  hermaphrodite  or  unisexual.  Stamens 
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lateral;  anthers  1-celled,  with  a  fleshy  connective.  Ovary  1-celled.  Ovule 
pendulous.  Fruit  drupaceous.  Embryo  minute  at  the  apex  of  fleshy  albumen. 
Herbaceous  plants.  Stems  jointed.  Leaves  opposite  with  intervening  stipules. 

Order  135. — Saururacece.  Flowers  hermaphrodite.  Stamens  6,  clavate,  per¬ 
sistent.  Ovaries  4,  distinct;  ovules  solitary,  ascending or  a  3-  4-celled  pistil. 
Nuts  4,  indehiscent ;  or  3-  4-celled  capsule.  Embryo  minute  in  a  fleshy  sac,  on 
the  outside  of  hard  mealy  albumen.  Herbaceous  marsh  or  water  plants.  Leaves 
alternate  with  stipules. 

Order  136. — Piperaceee.  Flowers  hermaphrodite.  Stamens  definite  or  inde¬ 
finite.  Ovary  superior,  l-celled,  containing  a  single  erect  ovule  ;  stigma  sessile, 
simple.  Fruit  somewhat  fleshy,  indehiscent.  Seed  erect,  with  the  embryo  lying 
in  a  fleshy  sac  placed  at  that  end  of  the  seed  which  is  opposite  the  hilum,  on  the' 
outside  of  the  albumen.  Shrubs  or  herbaceous  plants.  Leaves  without  stipules. 
Flowers  usually  sessile  in  spikes. 

Alliance  2.— Salicales.  Flowers  amentaceous.  Fruit  mostly  many-seeded. 
When  one-seeded  in  globular  heads. 

Order  137. — Salicacece.  Flowers  unisexual,  amentaceous.  Ovary  superior,  1- 
or  2-celled  ;  ovules  numerous,  erect.  Fruit  coriaceous,  1-  or  2-celled,  2-valved, 
many-seeded.  Seeds  comose;  albumen  0.  Trees  or  shrubs.  Leaves  alternate, 
simple,  with  stipules. 

Order  138. — Platanacece.  Flowers  amentaceous.  Stamens  single.  Ovaries 
terminated  by  a  thick  style,  having  the  stigmatic  surface  on  one  side ;  ovules 
solitary,  or  two,  suspended.  Nuts  clavate.  Seeds  solitary ;  embryo  in  the  axis 
of  fleshy  albumen.  Trees  or  shrubs'.  Leaves  alternate,  with  scarious  sheathing 
stipules.  Catkins  round. 

Order  139. — Balsamacc.ee.  Catkins  unisexual,  roundish.  Anthers  numerous, 
nearly  sessile ;  ovaries  2-celled,  styles  2.  Fruit,  a  kind  of  cone  composed  of 
indurated  connected  scales,  in  the  cavities  of  which  lie  2-lobed  2-celled  capsules. 
Seeds  compressed,  membranous,  winged.  Embryo  inverted  in  the  midst  of 
albumen.  Tall  trees,  yielding  balsam.  Leaves  alternate,  with  glandular  serra- 
tures.  Stipules  deciduous. 

Alliance  3. — Monimiales.  Flowers  within  an  involucre.  Sexes  distinct. 

Order  140. —  Monimiaceee.  Involucre  tubular,  valvular.  Stamens  indefinite, 
covering  all  the  inside  of  the  involucre ;  anthers  bursting  longitudinally.  Ovaries 
superior,  1-celled,  inclosed  within  the  tube  of  the  involucre;  ovule  pendulous. 
Fruit  consisting  of  1 -seeded  nuts,  enclosed  within  the  enlarged  involucre;  em¬ 
bryo  in  the  midst  of  an  abundant  albumen.  Aromatic  trees  or.  shrubs.  Leaves 
opposite,  without  stipules.  Flowers  axillary  in  short  racemes. 

Order  141.— A therosperinaceee.  Involucre  calyx-like,  tubular,  divided  into 
segments  placed  in  two  rows.  Stamens  very  numerous  in  the  bottom  of  the 
involucre;  anthers  bursting  with  a  valve.  Ovaries  usually  indefinite.  Nuts 
terminated  by  the  persistent  styles  become  feathery.  Seed  erect ;  embryo  at 
the  base  of  soft  fleshy  albumen.  Trees.  Leaves  opposite,  without  stipules. 
Flower-heads  axillary,  solitary. 

Alliance  4.— Podostemales.  Flowers  solitary.  Carpels  2  or  3,  combined.  Seeds 
numerous  and  minute. 

Order  142. — Podostemacece.  Flowers  in  a  membranous  lacerated  spathe. 
Stamens  hypogynous,  1-00.  Ovary  2-  3-celled;  ovules  numerous,  attached  to  a 
central  placenta.  Fruit  capsular;  seeds  numerous,  minute.  Herbs  growing 
under  water,  with  capillary  leaves  and  inconspicuous  flowers ;  or  with  leaves  and 
stem  confounded  in  one  leafy  expansion. 

Alliance  5. — Callitrichales.  Carpels  several,  combined,  single- seeded.  Floating 
plants. 

Order  143. — Callilrichaceee.  Flowers  unisexual,  with  2  fistular  bracts.  Stamens 
single;  anthers  1-celled.  Ovary  solitary,  4-eornered,  4-celled  ;  ovules  solitary, 
peltate.  Fruit  4-celled,  4-seeded,  indehiscent;  embryo  inverted  in  the  axis  of 
fleshy  albumen.  Aquatic  herbaceous  plants,  with  opposite,  simple  leaves. 
Flowers  very  minute. 
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Group  3, — CubtferMae. 

Calyx  tubular,  often  resembling  a  corolla.  Ovary  usually  single.  Embryo 
never  curved  round  albumen. 

Alliance  1. — Santalales.  Calyx  adherent  to  the  ovary.  Anthers  opening  by 
longitudinal  fissures. 

Order  144. — Santalacece.  Calyx  half-coloured,  valvate.  Stamens  4-5  inserted 
in  the  base  of  the  calyx.  Ovary  1-celled.  Ovules  1-4  pendulous  from  the  top 
of  a  central  placenta.  Style  single.  Fruit  1-seeded,  indehiscent.  Embryo  in 
the  axis  of  albumen.  Trees,  shrubs,  or  herbaceous  plants.  Leaves  alternate, 
without  stipules.  Flowers  small. 

Alliance  2. — Daphnales.  Calyx  inferior,  with  an  imbricated  cestivation. 

Carpel  solitary.  Anthers  opening  by  longitudinal  fissures. 

Order  145. — Elmagnacecc.  Males:  calyx  4-parted ;  stamens  3  to  8,  sessile. 
Female:  calyx  inferior,  tubular,  persistent.  Ovary  1-celled  ;  ovule  ascending; 
stigma  subulate.  Fruit  enclosed  within  the  calyx ;  embryo  surrounded  by  fleshy 
albumen.  Trees  or  shrubs  with  a  scurfy  surface.  Leaves  entire,  without  siipules. 
Flowers  axillary,  often  fragrant. 

Order  146. — Thymelacece.  Calyx  inferior,  tubular,  coloured.  Stamens  definite, 
in  the  orifice  of  its  tube.  Ovary  with  one  pendulous  ovule.  Fruit  nut-like  or 
drupaceous.  Albumen  none,  or  thin  ;  embryo  straight ;  radicle  superior.  Stem 
shrubby.  Leaves  without  stipules. 

Order  147. —  Hernandiacece.  Flowers  monoecious,  with  a  calycine  involucre 
to  the  females.  Calyx  petaloid,  inferior,  4-8-parted.  Stamens  definite  in  two 
rows.  Ovary  1-celled;  ovule  pendulous;  stigma  peltate.  Embryo  inverted 
without  albumen.  Trees.  Leaves  alternate. 

Order  148.  —  Aquilariacece.  Calyx  tubular,  5-cleft,  with  bearded  scales. 
Stamens  10  or  5.  Ovary  superior  1-celled;  ovules  two  suspended;  stigma 
large,  simple.  Capsule  1-celled,  2-valved.  Seeds  one  on  each  placenta  with  a 
tail-like  aril ;  albumen  0  ;  radicle  superior.  Trees.  Leaves  alternate  without 
stipules. 

Alliance '3. — Proteales.  Calyx  valvate.  Stamens  opposite  its  lobes.  Fruit 
simple,  follicular. 

Order  149. — Proteacece.  Calyx  valvular.  Stamens  4,  opposite  the  segments 
of  the  calyx.  Ovary  superior ;  style  simple  ;  stigma  undivided.  Fruit  dehiscent 
or  indehiscent.  Seed  without  albumen.  Shrubs  or  small  trees.  Leaves  hard, 
dry,  without  stipules. 

Alliance  4. — Laureales.  Anthers  opening  by  valves.  Carpels  solitary,  superior 
or  inferior. 

Order  150. — Lauracees.  Calyx  4- 6-cleft,  imbricated.  Stamens  definite,  peri- 
•gynous ;  anthers  2-4-celled,  bursting  by  a  valve.  Glands  at  the  base  of  the 
inner  filaments.  Ovary  superior  with  one  or  two  pendulous  ovules.  Fruit  baccate. 
Seed  without  albumen ;  embryo  inverted.  Trees.  Leaves  without  stipules, 
alternate. 

Order  151. — Illigeracece.  Calyx  adherent  to  the  ovary;  the  border  divided  in 
two  rows,  valvular.  Stamens  in  the  top  of  the  tube,  furnished  at  the  base  with 
glands.  Anthers  2-celled,  opening  by  a  valve.  Ovary  inferior,  1-celled  ;  ovule 
pendulous;  stigma  peltate.  Fruit  indehiscent,  seed  without  albumen;  cotyle¬ 
dons  twisted. 

Order  152. — Cassythacece.  Stem  dodder-like,  leafless.  Stamens  9,  without 

glands  ;  anthers  4-celled.  Caryopsis  included  in  the  berried  perianth. 

Alliance  5. — Pen seales.  Carpels  several.  Calyx  imbricated  or  valvate. 

Order  1 53. — Penceacece.  Calyx  inferior  with  bracts  at  its  base,  hypocrateriform, 
limb  valvate  or  imbricated.  Stamens  either  4  or  8.  Ovary  superior,  4-celled. 
Fruit  capsular  4-celled.  Seed  with  a  nucleus  or  solid  fleshy  mass,  with  ho  dis¬ 
tinction  of  albumen  or  embryo.  Shrubs.  Leaves  opposite,  imbricated,  without 
stipules. 
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Group  4.— ColunmoiSar. 

Stamens  usually  monadelphous,  and  ovary  3-6-celled ;  or  the  latter  with  an 
inferior  ovary.  Wood,  without  concentric  zones. 

Alliance  1.— Nepenthales.  Spiral  vessels  between  wood  and  bark.  Dioecious. 
Ovary  superior. 

Order  154.— Nepenthacece.  Dioecious.  Calyx  inferior.  Stamens  in  a  column ; 
anthers  opening  externally.  Ovary  superior,  4-cornered,  4-celled  ;  stigma 
sessile.  Fruit  capsular,  with  the  seeds  sticking  to  the  sides  of  the  dissepiments. 
Seeds  indefinite,  minute ;  fusiform.  Embryo  in  the  midst  of  fleshy  albumen. 
Herbaceous  or  half-shrubby  plants.  Leaves  alternate,  with  a  dilated  foliaceoiis  •{ 

petiole,  pitcher-shaped  at  end.  Stem  without  concentric  zones. 

Alliance  2. — Aristolochiales.  Ovary  inferior. 

Order  155.  —  Aristolochiacece.  Hermaphrodite.  Calyx  superior,  valvate 
Stamens  epigynous.  Ovary  inferior,  3- or  6-celled ;  style  simple  ;  stigmas  radiat¬ 
ing.  Fruit  3-  or  6-celled,  many-seeded.  Seeds  with  a  minute  embryo  in  Ihe 
base  of  fleshy  albumen.  Herbaceous  plants  or  shrubs.  Leaves  alternate,  often 
with  leafy  stipules.  Wood  without  concentric  zones.  Flowers  brown,  or  some 
dull  colour. 

Group  5. — CurbmfcqiojcSac. 

Embryo  curved  round  albumen,  or  having  the  form  of  a  horse-shoe,  or  spiral; 
calyx  larely  tubular,  sometimes  long  and  petaloid. 

Alliance  1. — Chenopodiales.  Albumen  present.  Radicle  next  the  hilum. 

Order  156.  —  Amarantacece.  Calyx  scarious  persistent,  immersed  in  dry 
coloured  bracts.  Stamens  hypogynous.  Ovary  superior,  1  or  few-seeded ; 
ovules  hanging  from  a  free  central  funiculus.  Fruit  a  utricle.  Seeds  lentiform  ; 
albumen  farinaceous ;  embryo  curved  round  the  circumference  ;  radicle  next 
the  hilum.  Herbs  or  shrubs.  Leaves  simple,  without  stipules.  Flowers  in 
heads  or  spikes,  usually  coloured. 

Order  15 7. — Chenopodiacecc .  Calyx  sometimes  tubular  at  the  base,  persis¬ 
tent.  Stamens  inserted  into  the  base  of  the  calyx,  opposite  its  segments.  Ovary 
superior,  with  a  single  ovule  attached  to  the  base  of  the  cavity.  Fruit  mem¬ 
branous.  Embryo  curved  round  farinaceous  albumen,  or  spiral,  or  doubled  to¬ 
gether  without  albumen.  Herbaceous  plants  or  under-shrubs.  Leaves  alternate 
without  stipules.  Flowers  small. 

Order  158. — Tetragoniacece.  Like  the  last,  but  ovary  consisting  of  several 
cells. 

Order  159. — Phytolaccacers.  Calyx  of  4  or  5  petaloid  leaves.  Stamens  inde¬ 
finite,  or  if  equai  to  the  number  of  the  divisions  of  the  calyx  alternate  with 
them.  Ovary  of  from  1  to  several  cells,  each  containing  1  ascending  ovule. 
Fruit  baccate  or  dry,  1  or  many-celled.  Seeds  solitary,  with  a  cylindrical  embryo 
curved  round  mealy  albumen.  Under-shrubs  or  herbaceous  plants.  Leaves 
alternate,  without  stipules,  often  with  pellucid  dots. 

Alliance  2. — Polygonales.  Albumen  present.  Radicle  at  the  end  of  the  em¬ 
bryo  most  remote  from  the  hilum. 

Order  160. — Polygonacece.  Calyx  inferior,  imbricated.  Stamens  definite. 
Ovary  superior,  with  a  single  erect  ovule.  Nut  triangular.  Seed  with  farina¬ 
ceous  albumen  ;  embryo  inverted  ;  radicle  remote  from  the  hilum.  Herbaceous 
plants,  rarely  shrubs.  Leaves  alternate,  their  stipules  cohering’ in  the  form  of 
an  ochrea. 

Alliance  3. — Petiveriales.  Albumen  absent.  Cotyledons  spiral. 

Order  161. — Petiveriacece.  Calyx  of  several  distinct  leaves.  Stamens  peri- 
gynous,  indefinite,  or  if  equal  to  the  segments  of  the  calyx,  alternate.  Ovary 
superior  1 -celled;  ovule  erect.  Fruit  1-celled,  indehiscent,  dry.  Seed  without 
albumen  ;  radicle  inferior.  Under-shrubs  or  herbaceous  plants,  with  an  alliaceous 
odour.  Leaves  alternate,  with  distinct  stipules,  often  with  minute  pellucid  dots. 
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Alliance  4. — Sclerales.  Tube  of  the  calyx  hardened. 

Order  162. —  Scleranthacece.  Hermaphrodite.  Calyx  4  or  5-toothed.  Stamens 
from  l  to  10.  Ovary  simple,  superior,  1 -seeded.  Fruit  a  utricle  inclosed  within 
the  hardened  calyx.  Seed  pendulous  from  a  funiculus;  embryo  cylindrical, 
curved  round  farinaceous  albumen.  Small  herbs.  Leaves  opposite,  without 
stipules.  Flowers  axillary,  sessile. 

Order  \63.-Nyclaginacece.  Calyx  tubular,  somewhat  coloured;  becoming 
indurated  at  the  base.  Stamens  definite,  hypogynous.  Ovary  superior,  with  a 
single  erect  ovule.  Fruit  a  utricle,  enclosed  within  the  base  of  the  calyx  ;  em¬ 
bryo  with  foliaceous  cotyledons,  wrapping  round  floury  albumen.  Stem  either 
herbaceous,  shrubby,  or  arborescent.  Leaves  opposite,  and  almost  always  un¬ 
equal;  sometimes  alternate.  Flowers  having  an  enclosure  which  is  either 
common  or  proper. 

Alliance  5. — Cocculales.  Albumen  present.  Flowers  formed  upon  a  ternary 
plan,  with  the  divisions  of  the  calyx  in  two  rows. 

Order  164. — Menispermacece.  Flowers  unisexual,  usually  very  small.  Sepals 
in  one  or  several  rows.  Stamens  monadelphous  or  distinct.  Anthers  turned 
outwards.  Ovaries  numerous,  each  with  one  style,  sometimes  soldered  together 
into  a  many-celled  body ;  which  is  occasionally  in  consequence  of  abortion :  1- 
celled.  Drupes  berried,  1-seeded  ;  embryo  curved  lying  in  albumen;  radicle 
superior.  Shrubs  with  a  sarmentaceous  habit.  Leaves  alternate.  Flowers 
small. 

Sub-order. — Lardizabalece.  Carpels  many-seeded.  Leaves  compound. 

Sub-class  III. — MONOPETALAL 

Group  1. — ;0oIi>carpo£ac. 

Ovary  of  several  carpels  either  combined  or  distinct. 

Alliance  1.  —  Brexiales.  Albumen  absent.  Carpels  5.  •  Sterile  stamens 
between  the  fertile  ones.  Seeds  indefinite. 

Order  165. — Brexiacece.  Calyx  inferior,  5-parted.  Petals  5,  hypogynous,  im¬ 
bricated.  Stamens  5,  hypogynous,  from  a  cup,  toothed  between  each  stamen. 
Ovary  5-celled,  ovules  attached  in  two  rows  to  the  axis  ;  style  1.  Fruit  drupa¬ 
ceous  ;  albumen  0.  Trees,  with  nearly  simple  trunks.  Leaves  coriaceous,  alter¬ 
nate,  with  stipules. 

Alliance  2.— Ericales.  Anthers  opening  by  pores,  hard  and  dry,  often  with 
appendages.  Carpels  from  4  to  5  or  more. 

Order  166. — Pyrolacece.  Calyx  4-5-leaved,  inferior.  Corolla  regular,  4-5- 
parted.  Stamens  hypogynous;  anthers  opening  by  pores.  Ovary  4-5-celled; 
style  declinate  ;  stigma  indusiate.  Fruit  capsular,  many-seeded.  Seeds  winged. 
Embryo  minute,  at  the  base  of  fleshy  albumen.  Usually  herbaceous  plants. 
Leaves  simple. 

Order  167. — Monotropacece.  The  same  as  Pyrolaceas,  except,  style  straight; 
anthers  bursting  longitudinally  ;  embryo  minute,  at  the  apex  of  fleshy  albumen ; 
stems  leafless,  or  nearly  so,  but  covered  with  fleshy  scales.  Parasitical  plants. 

Order  168. — Ericaceae.  Calyx  4  or  5-cleft,  inferior.  Corolla  hypogynous,  4- 
or  5-cleft,  imbricated.  Stamens  definite,  hypogynous  ;  anthers  2-celled,  dehis¬ 
cing  by  a  pore.  Ovary  many-celled,  many-seeded;  style  1.  Fruit  capsular. 
Seeds  indefinite,  minute ;  embryo  in  the  axis  of  albumen.  Shrubs  or  under 
shrubs.  Leaves  evergreen,  rigid,  without  stipules. 

Order  169. —  Vaccinacece.  In  all  things  like  the  last,  but  ovary  inferior. 

Order  170. — Epacridacece.  Same  as  Ericaceae,  but  anthers  1-celled,  and 

opening  longitudinally. 

Alliance  3. — Primulales.  Anthers  bursting  longitudinally  without  appendages. 
Carpels  4-5.  Fruit  often  1  -celled. 

Order  171.  —  Primulacece.  Calyx  4-5-cleft,  persistent.  Corolla  regular. 
Stamens  inserted  upon  the  corolla  opposite  its  segments.  Ovary  1-celled ; 
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style  1 :  stigma  capitate.  Capsule  with  a  central  placenta.  Embryo  lying 
across  the  hilum  in  fleshy  albumen.  Herbaceous  plants. 

Order  172. — Myrsinacece.  Calyx  4- or  5-cleft.  Corolla  hypogynous.  Stamens 
opposite  the  segments  of  the  corolla;  filaments  distinct,  sometimes  5,  sterile, 
petaloid.  Ovary  1  with  a  free  central  placenta,  style  1.  Fruit  fleshy,  mostly 
1-seeded.  Seeds  peltate;  albumen  horny ;  embryo  lying  across  the  hilum.  Trees 
or  shrubs.  Leaves  alternate,  serrated,  coriaceous ;  stipules  wanting. 

Order  173. —  Sapolacece.  Calyx  regular,  persistent.  Corolla  hypogynous,  its 
segments  usually  equal  in  number  to  those  of  the  calyx,  seldom  twice  or  thrice 
as  many.  Stamens  arising  from  the  corolla,  definite.  Anthers  usually  turned 
outward;  sterile  stamens.  Ovary  with  several  cells,  1  erect  ovule.  Style  1. 
Fruit  baccate.  Seeds  nut-like.  Testa  bony,  shining.  Embryo  large,  usually  in' 
fleshy  albumen.  Trees  or  shrubs.  Leaves  alternate,  without  stipules,  coriaceous. 

Order  174. — Ebenacece.  Calyx  in  3  or  6  divisions.  Corolla  hypogynous, 
usually  pubescent,  imbricated.  Stamens  definite ;  twice  as  many  as  the  segments 
of  the  corolla,  four  times  as  many,  or  the  same  number.  Ovary  several-celled, 
the  cells  having  1  or  2  ovules,  pendulous;  style  divided.  Fruit  fleshy,  few- 
seeded.  Albumen  cartilaginous;  embryo  in  the  axis  ;  radicle  turned  towards 
the  hilum.  Trees  or  shrubs  without  milk.  Leaves  alternate,  coriaceous. 

Sub-order. — Styraceai.  Ovary  inferior.  Stamens  perigynous.  Style  simple. 

Order  175. — Aquifoliacece.  Sepals  4  to  6,  imbricated.  Corolla  hypogynous. 
Stamens  alternate  with  its  segments.  Disk  none.  Ovary  with  from  2  to  6 
cells;  ovules  solitary,  pendulous.  Fruit  indehiscent,  with  from  2  to  6  stones. 
Seed  suspended ;  albumen  large  ;  embryo  small,  2-lobed.  Trees  or  shrubs. 
Leaves  coriaceous.  Flowers  small. 

Alliance  4. — Nolanales.  Fruit  divided  into  distinct  lobes. 

Order  176. — Nolanacece.  Calyx  5-parted.  Corolla  plaited,  usually  thickened 
in  the  tube.  Stamens  alternate  with  the  segments  of  the  corolla.  Pistil  several 
carpels,  either  distinct,  or  partially  combined ;  style  single.  Stigma  capitate. 
Fruit  enclosed  in  the  calyx ;  pericarp  woody.  Seeds  ascending,  solitary ;  embryo 
curved,  with  a  small  quantity  of  albumen.  Herbaceous,  or  suffruticose  plants. 
Leaves  alternate,  without  stipules. 

Alliance  5. — Vol vales.  Carpels  2-4,  combined.  Anthers  never  opening  by 
pores. 

Order  177. — Convolvulacece.  Calyx  persistent,  in  5  divisions,  remarkably  im¬ 
bricated,  often  unequal.  Corolla  hypogynous,  plaited.  Stamens  5,  inserted  into 
the  base  of  the  corolla.  Ovary  with  2  or  4  cells;  few  seeded;  ovules  erect; 
style  1.  Disk  annular.  Capsule  with  the  valves  fitting  at  their  edges  to  the 
angles  of  a  loose  dissepiment.  Seeds  with  mucilaginous  albumen  ;  embryo 
curved ;  cotyledons  shrivelled.  Herbaceous  plants  or  shrubs,  usually  twining 
and  milky.  Leaves  alternate. 

Order  178. — Cuscuiacece.  Calyx  persistent,  4-  5-parted,  imbricated.  Corolla 
persistent,  imbricated.  Scales  alternating  with  segments  of  corolla;  stamens 
opposite  the  last.  Ovary  2-celled  ;  ovules  in  pairs  erect;  styles  2.  Capsule. 
Embryo  spiral,  acotyledonous,  in  fleshy  albumen.  Leafless  parasites. 

►  Order  179.  —  Polemoniacecc.  Calyx  5-parted.  Corolla  regular,  5-lobed. 
Stamens  5,  unequal,  on  the  tube  of  the  corolla.  Ovary  3-celled  ;  stigma  3-lobed. 
Capsule  3-celled ;  3-valved,  the  valves  separating  from  the  axis.  Embryo  in 
the  axis  of  horny  albumen.  Herbaceous  plants.  Leaves  opposite. 

Order  180. — Diapensiacece.  Calyx  of  5  sepals,  which  are  much  imbricated. 
Corolla  regular,  imbricated.  Stamens  arising  from  the  margin  of  the  corolla  ; 
anthers  2-celled,  with  a  broad  connective,  bursting  transversely.  Disk  0.  Ovary 
3-celled  ;  style  single.  Capsule  membranous.  Seeds  peltate.  Embryo  slender, 
lying  across  the  hilum  in  fleshy  albumen.  Under-shrubs,  with  small  imbricated 
leaves. 

Order  181.  —  Fhydrolea-eat.  Calyx  5-parted,  slightly  imbricated.  Corolla 
regular.  Stamens  from  between  the  lobes  of  the  corolla,  regular;  anthers  with 
a  narrow  connective.  Ovary  2-  or  3-celled;  styles  2  or  3.  Fruit  capsular, 
enclosed  in  the  calyx.  Seeds  indefinite,  very  small ;  albumen  fleshy  ;  embryo 
orthotropous.  Herbaceous  plants,  or  under-shrubs.  Leaves  alternate,  with 
stipules. 
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Group  2, — CFptguno^nf. 

Ovary  inferior,  usually  with  an  epigynous  disk ;  composed  of  two  or  more 
carpels.  Anthers  never  bursting  by  pores.  Stamens  always  inserted  into  the 
corolla. 

Alliance  1. — Campanales.  Stipules  absent.  Seeds  indefinite  in  number. 

Order  182. — Lobeliacece.  Calyx  5-lobed,  or  entire.  Corolla  irregular,  5-lobed, 
or  5-cleft.  Stamens  5  ;  anthers  cohering.  Stigma  fringed.  Fruit  capsular,  1- 
or  more  celled,  many-seeded ;  embryo  in  the  axis  of  albumen.  Herbaceous  plants 
or  shrubs.  Leaves  alternate,  without  stipules. 

Order  183. —  Campanulacece.  Calyx  persistent.  Corolla  usually  5-lobed, 
withering,  regular,  valvate.  Stamens  alternate  with  the  lobes  of  the  corolla. 
Anthers  distinct.  Stigma  naked.  Fruit  dehiscing  by  apertures,  or  valves.  Seeds 
numerous;  embryo  in  the  axis  of  albumen.  Herbaceous  plants  or  under-shrubs, 
yielding  a  white  milk.  Leaves  alternate,  without  stipules. 

Sub- order  ? — Sphenocleacece.  Corolla  5-parted,  inflexed.  Stamens  5  in  the 
recesses  of  the  corolla.  Ovary  2-celled.  Capsule  circumscissile ;  embryo  with¬ 
out  albumen.  Flowers  minute. 

Order  184? — Belvisiacece.  Calyx  persistent.  Corolla  plaited,  many-lobed, 
deciduous.  Stamens  definite  or  indefinite.  Stigma  lobed.  Fruit,  berried,  many- 
seeded.  Shrubs.  Leaves  alternate,  entire,  without  stipules. 

Order  \85.—Columelliacece.  Calyx  5-parted.  Corolla  5-8-parted,  imbricated. 
Stamens  2 ;  anthers  3-lobed,  sinuous.  Stigma  capitate.  Disk  epigynous,  fleshy. 
Fruit  2-celled,  many-seeded.  Shrubs  or  trees.  Leaves  opposite,  without  stipules. 

Order  186. — Stylidiacece.  Calyx  2-6-parted,  permanent.  Corolla  irregular, 
imbricated.  Stamens  2,  connate  into  an  elastic  slender  column,  with  which  the 
style  is  consolidated.  Ovary  2-celled.  Capsule  2-valved,  many-seeded.  Seeds 
albuminous.  Glandular  herbs. 

Alliance  2. — Goodeniales.  Stigma  with  an  indusium. 

Order  187. —  Goodeniacece.  Calyx  equal,  or  unequal.  Corolla  more  or  less 
irregular,  split  at  the  back;  the  segments  folded  inwards  in  aestivation.  Stamens 
5,  distinct.  Ovary  with  indefinite  ovules  ;  stisrma  surrounded  by  a  membranous 
cup.  Fruit  a  capsule;  albumen  fleshy.  Herbaceous  plants,  rarely  shrubs, 
without  milk.  Leaves  scattered,  without  stipules. 

Order  188.  —  Sccevolacece.  Calyx  sometimes  obsolete.  Corolla  irregular, 
split  at  the  back,  the  edges  of  the  divisions  folded  inwards  in  aestivation.  Sta¬ 
mens  5,  distinct ;  anthers  distinct  or  united.  Ovary  few-celled,  with  solitary  erect 
ovules;  stigma  surrounded  by  a  cup.  Fruit  drupaceous  or  nucamentaceous. 
Herbaceous  plants  with  the  flowers  axillary  or  terminal  and  never  in  heads. 

Alliance  3.— Cinchonales.  Stipules  between  the  leaves. 

Order  189. —  Cinchonacece.  Calyx  simple.  Corolla  tubular,  regular,  valvate 
cr  imbricated.  Stamens  all  on  the  same  line.  Ovary  surmounted  by  a  disk ; 
ovules  numerous  or  few.  Fruit  either  splitting,  or  indehiscent  and  dry,  or  suc¬ 
culent.  Seeds  definite  or  indefinite ;  embryo  small,  surrounded  by  horny  albu¬ 
men.  Trees,  shrubs,  or  herbs.  Leaves  simple,  opposite  or  verticillate,  with  in- 
terpetiolary  stipules. 

Order  \$0.—Lygodysodeacece.  In  all  things  Cinchonaceous,  except,  ovary  1- 
celled,  with  2  ovules.  Pericarp  brittle,  1-celled.  Placentae  2,  free.  Seeds  2, 
pendulous  from  the  apex  of  the  placentae.  Albumen  0.  Twining  shrubs. 
Stipules  single  between  the  petioles. 

Alliance  4. — Capriales.  Stipules  wanting.  Leaves  opposite.  Seeds  definite. 

Order  191. — Capn'ifoliacece.  Calyx  4-5-cleft,  with  bracts  at  its  base.  Corolla 
monopetalous  or  polypetalous,  rotate  or  tubular,  regular  or  irregular.  Stamens 
epipetalous.  Ovary  with  from  1  to  3  or  4  cells.  Fruit  indehiscent,  1  or  more 
celled.  Embryo  straight  in  fleshy  albumen.  Shrubs  or  herbaceous  plants,  with 
opposite  leaves,  destitute  of  stipules. 
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Alliance  5. — Stellales.  Fruit  didymous.  Leaves  whorled  without  stipule  s. 
Stem  angular. 

Order  192. — Galiacecc,  or  Stellate e.  Calyx  4-  5-  or  6 -lobed.  Corolla  rotate  or 
tubular,  regular.  Stamens  equal  in  number  to  the  lobes  of  the  corolla.  Ovary 
2-celled;  ovules  solitary,  erect.  Fruit,  a  didymous,  indehiscent  pericarp.  Em¬ 
bryo  straight  in  horny  albumen.  Herbaceous  plants,  with  whorled  leaves, 
destitute  of  stipules.  Angular  stems. 

Group  3. — SlgjjrcgoiSac. 

Only  one  perfect  carpel  present. 

Alliance  1. — Asterales  or  Composite.  Anthers  syngenesious.  Mowers  in 
heads  surrounded  by  an  involucre. 

Order  1 93. — Calyceraceeu.  Albumen  present ;  seed  pendulous. 

Order  194. — Mutisiacece.  Albumen  absent ;  seed  erect.  Corolla  bilabiate. 

Order  195. — Cichoracece.  Albumen  absent ;  seed  erect.  Corolla  ligulate,  or 
1-lipped.  Juice  milky. 

Order  196. — Asteracece  or  Corymbiferce.  Albumen  absent ;  seed  erect.  In¬ 
volucre  hemispherical.  Florets  of  the  ray  ligulate  if  present. 

Order  197. — Cynaraceee  or  Cynarocephalcc.  Albumen  absent ;  seed  erect.  In¬ 
volucre  rigid  or  spiny,  conical. 

Alliance  2. — Dipsales.  Anthers  distinct.  Ovary  inferior. 

Order  198. — Dipsacece.  Calyx  superior,  membranous;  surrounded  by  an  in- 
volucel.  Corolla  oblique,  imbricated.  Stamens  4  ;  anthers  distinct.  Ovary  1- 
celled  with  a  pendulous  ovule  ;  stigma  simple.  Fruit  crowned  by  the  pappus- 
like  calyx ;  embryo  in  fleshy  albumen.  Herbaceous  plants  or  under-shrubs. 
Leaves  opposite  or  whorled.  Flowers  surrounded  by  a  many-leaved  involucre. 

Order  199. —  Valerianacece.  Calyx  superior,  membranous,  or  resembling 
pappus.  Corolla  tubular,  regular  or  irregular,  sometimes  calcarate.  Stamens  1 
to  5.  Ovary  with  1  perfect  cell,  and  2  other  abortive  ones ;  ovule  pendulous ; 
stigmas  1  to  3.  Fruit  dry.  Embryo  destitute  of  albumen.  Herbs.  Leaves 
opposite,  without  stipules.  Flowers  corymbose,  panicled,  or  in  heads. 

Alliance  3. — Brunoniales.  Style  single.  Stigma  ' with  an  indusium.  Flowers 
in  heads. 

Order  200—Brunoniaceez.  Calyx  inferior,  with  bracts  at  the  base.  Corolla 
almost  regular,  5-parted.  Stamens  definite,  hypogynous  ;  anthers  slightly 
cohering.  Ovary  l-celled  wiih  an  erect  ovule;  stigma  in  a  cup.  Fruit  mem¬ 
branous,  enclosed  within  the  indurated  tube  of  the  calyx.  Seed  without  albu¬ 
men.  Herbaceous  plants.  Leaves  radical,  with  no  stipules. 

Alliance  4. — Plantales.  Flowers  on  scapes.  Style  single.  Stigma  naked. 
Ovary  superior.  Flowers  in  heads,  or  spikes,  or  panicles. 

Order  201. — Plantaginacece.  Calyx  4-parted.  Corolla  membranous,  hypogy¬ 
nous,  4-parted.  Stamens  4;  filaments  flaccid;  anthers  versatile.  Ovary  without 
a  disk ;  ovules  peltate  or  erect,  solitary,  twin,  or  indefinite  ;  stigma  hispid, 
simple.  Capsule  membranous.  Embryo  in  fleshy  albumen.  Herbaceous  plants, 
with  spiked  inconspicuous  flowers. 

Order  202. — Globulariacece.  Calyx  persistent,  5-cleft,  sometimes  2-lipped. 
Corolla  hypogynous,  bilabiate,  made  up  of  5  parts.  Stamens  4,  from  the  tube 
of  the  corolla.  Ovary  superior,  l-celled,  with  a  pendulous  ovule.  Albumen 
fleshy.  Shrubs  or  herbs.  Leaves  alternate.  Flowers  in  heads. 

Order  203.  —  Salvador acece.  Calyx  inferior,  4-leaved.  Corolla  4-parted. 
Stamens  connecting  the  petals.  Ovary  superior,  l-celled,  with  a  sessile  stigma  ; 
ovule  erect.  Embryo  amygdaloid,  without  albumen.  Shrubs.  Leaves  opposite. 
Flowers  minute. 

Alliance  5. — Plumbales.  Styles  5.  Flowers  quinary.  Ovary  superior. 

Order  204. — Plumbaginacece.  Calyx  tubular,  plaited.  Corolla  regular.  Sta¬ 
mens  definite.  Ovary  superior,  1-seeded;  ovule  pendulous,  from  an  umbilical 
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cord  ;  styles  5.  Fruit  a  utricle.  Seed  inverted.  Herbaceous  plants,  or  shrubs. 
Leaves  alternate,  undivided,  somewhat  sheathing. 

Group  4. — fiiuammtosat. 

Fruit  consisting  of  4  bony  lobes,  which  are  either  originally  distinct,  or  which 
become  distinct  more  or  less  when  fully  ripe,  or  which  are  separable  into  little 
nuts.  If  capsular,  inflorescence  gyrate. 

Alliance  1. — Phaceliales.  Fruit  capsular.  Inflorescence  gyrate. 

Order  205. — Hydrophyllacece.  Calyx  5-cleft,  with  reflexed  appendages.  Co¬ 
rolla  regular.  Stamens  5,  epipetalous.  Ovary  simple,  1-celled;  placent;e'2. 
Fruit  2-valved.  Seeds  reticulated  ;  embryo  cartilaginous.  Herbaceous  plants. 
Leaves  usually  lobed. 

Alliance  2. — Echiales.  Fruit  nucamenlaceous.  Inflorescence  gyrate.  Flowers 
symmetrical. 

Order  206. —  Cordiacece.  Calyx  5-toothed.  Corolla  regular.  Stamens 
alternate  with  the  segments  of  the  corolla.  Ovary  4-celled,  with  1  pendulous 
ovule  in  each  cell ;  stigma  4-cleft.  Fruit  drupaceous,  4-celled.  Seed  pen¬ 
dulous  by  a  funiculus ;  cotyledons  plaited ;  albumen  0.  Trees.  Leaves 
scabrous,  without  stipules. 

Order  207. — Ehretiacece.  Calyx  5-parted,  imbricated.  Corolla  tubular,  im¬ 
bricated.  Stamens  from  the  bottom  of  the  tube.  Ovary  in  an  annular  disk,  2- 
or  more  celled ;  stigma  simple  ;  ovules  suspended.  Seed  solitary;  embryo  in 
thin  albumen.  Trees  or  shrubs,  with  harsh  pubescence.  Leaves  alternate,  with¬ 
out  stipules. 

Orde r  208. — Boraginacece.  Calyx  persistent.  Corolla  hypogynous,  regular. 
Stamens  upon  the  petals,  equal  to  the  lobes  of  the  corolla.  Ovary  4-parted,  4- 
seeded;  style  simple  ;  stigma  simple  or  bifid.  Nuts  4,  distinct.  Seed  without 
albumen.  Herbaceous  plants  or  shrubs.  Stems  round.  Leaves  alternate, 
covered  with  asperities. 

Alliance  3.  — Labiales.  Fruit  nucamentaceous.  Inflorescence  terminal  or 
axillary.  Flowers  unsymmetrical,  often  didynamous. 

Order  209. — Lamiacece  or  Labiatce.  Calyx  tubular,  persistent.  Corolla  bila¬ 
biate.  Stamens  didynamous,  the  2  upper  sometimes  wanting.  Ovary  4-lobed ; 
style  1 ;  stigma  bifid.  Fruit  1  to  4  small  nuts.  Seeds  with  no  albumen.  Herba¬ 
ceous  plants  or  under-shrubs.  Stem  4-cornered.  Leaves  opposite,  replete  with 
aromatic  oil.  Flowers  in  axillary  cymes  ;  sometimes  solitary. 

Order  210. —  Verbenacece.  Calyx  tubular.  Corolla  irregular.  Stamens 
didynamous,  occasionally  2.  Ovary  2-  or  4-celled  ;  ovules  erect  or  pen¬ 
dulous  ;  style  1  ;  stigma  bifid.  Fruit  composed  of  2  or  4  nucules  in  a  state  of 
adhesion  ;  albumen  none.  Trees  or  shrubs,  sometimes  herbaceous  plants. 
Leaves  opposite,  without  stipules.  Flowers  in  opposite  corymbs,  or  spiked  alter¬ 
nately  ;  sometimes  in  dense  heads. 

Order  211. — Myoporacece.  Calyx  5-parted.  Corolla  tubular,  nearly  equal  or 
2-lipped.  Stamens  didynamous.  Ovary  2-4-celled ;  ovules  pendulous.  Fruit 
a  2-4-celled  drupe.  Seeds  albuminous.  Shrubs  with  little  hairiness.  Flowers 
axillary,  without  bracts. 

Order  212. — Selaginacece.  Calyx  tubular,  rarely  of  two  sepals.  Corolla 
tubular,  hypogynous,  more  or  less  irregular.  Stamens  usually  didynamous, 
seldom  2 ;  anthers  1-celled.  Ovary  superior,  very  minute.  Disk  fleshy.  Fruit 
2-celled,  the  cells  1-seeded,  membranous.  Seed  pendulous;  embryo  in  fleshy 
albumen.  Herbaceous  plants  or  shrubs.  Leaves  alternate,  often  fascicled. 
Flowers  sessile,  spiked,  with  large  bracts. 

Order  213. — Stilbacece.  Calyx  tubular.  Corolla  hypogynous,  somewhat  2- 
lipped,  valvate.  Stamens  inserted  into  the  top  of  the  tube  of  the  corolla,  the 
upper  one  always  rudimentary,  or  obliterated ;  anthers  2-celled.  Ovary  superior, 
2-celled;  ovule  erect;  stigma  simple.  Disk  0.  Fruit  1-seeded  surrounded  by 
the  calyx.  Leaves  vv horled,  narrow,  rigid,  without  stipules.  Flowers  in  dense 
spikes. 
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Group  5. — StCcivpoSat.  ! 

Carpels  2,  capsular,  with  a  distinct  central  placenta;  never  nueamentaceous. 
Flowers  never  gyrate. 

Alliance  1.  —  Bignoniales.  Mowers  unsymmetrical,  usually  didynamous. 
Seeds  often  with  wings  or  tail-like  processes.  Albumen  0.  Stalks  of  the  seeds 
never  hooked. 

Order  214.—  Pedaliacece.  Calyx  of  5  pieces.  Corolla  irregular;  rather  valvate. 
Disk  hypogynous  fleshy.  Stamens  didynamous.  Ovary  1-  or  2-celled,  some¬ 
times  with  spurious  cells;  stigma  2-lobed.  Fruit  hard  and  woody  or  membranous. 
Seeds  not  winged ;  albumen  none.  Herbaceous  plants  with  nearly  opposite 
leaves.  Flowers  each  with  two  bracts. 

Order  215. — Bignoniacece.  Calyx  sometimes  spathacecus.  Corolla  irregular. 
Stamens  5,  of  which  1  always  and  sometimes  3  are  sterile.  Ovary  in  a  disk,  2- 
celled,  polyspermous  ;  style  1  ;  stigma  of  2  plates.  Capsule  2-valved,  2-celled, 
long  and  compressed.  Seeds  often  winged;  albumen  0.  Trees  or  shrubs, 
often  twining  or  climbing.  Leaves  opposite,  compound,  without  stipules. 

Order  216. —  Cyrtandraeece.  Calyx  campanulate,  equal.  Corolla  irregular, 
imbricated.  Stamens  didynamous.  Disk  annular.  Ovary  1-celled,  with  2 
double  placentae;  stigma  2-lobed.  Fruit  capsular  and  siliquose,  or  succulent, 
many-seeded.  Seeds  minute,  often  with  little  tails  ;  albumen  absent.  Herbs. 
Leaves  opposite,  often  radical.  Flowers  showy,  in  umbels. 

Alliance  2. — Acanthales.  Flowers  usually  didynamous.  Seeds  adhering  to 
hard  hook- like  processes.  Albumen  0.  Calyx  as  if  in  more  whorls  than  one; 
often  enveloped  in  bracts. 

Order  217. — Acanthaccce.  Calyx  very  much  imbricated,  persistent.  Corolla 
irregular,  2-lipped.  Stamens  mostly  2.  Ovary  in  a  disk,  2-celled,  2  or  many- 
seeded  ;  stigma  2-lobed.  Capsule  2-celled,  bursting  elastically.  Seeds  hanging 
by  processes  of  the  placentae,  hard,  usually  hooked  ;  albumen  none.  Herbaceous 
plants  or  shrubs.  Leaves  opposite,  without  stipules.  Inflorescence  in  spikes, 
racemes,  fascicles,  or  even  solitary.  Flowers  usually  opposite  placed  in  bracts. 

Alliance  3. — Lentibales.  Flowers  unsymmetrical,  diandrous.  Fruit  with  a 
free  central  placenta.  Marsh  or  water  plants. 

Order  2\8.—Lentibulacecc.  Calyx  persistent,  inferior.  Corolla  irregular,  bila¬ 
biate,  with  a  spur.  Stamens  2;  anthers  simple.  Ovary  1-cellel;  stigma 
bilabiate.  Capsule  1-celled.  Seeds  minute,  without  albumen.  Herbaceous 
plants.  Leaves  undivided,  or  resembling  roots,  and  bearing  vesicles.  Flowers 
single,  or  in  spikes. 

Alliance  4. — Scrophulales.  Flowers  diandrous,  or  didynamous.  Seeds  with 
the  embryo  in  albumen;  their  stalks  never  hooked.  Fruit  capsular ;  placenta 
parallel  with  the  axis. 

Order  219. —  Gesneracece.  Calyx  half  superior,  valvate.  Corolla  tubular, 
with  an  imbricate  aestivation.  Anthers  cohering  with  a  thick  connective.  Ovary 
1-celled,  with  two  2-lobed  polyspermous  placentae  ;  surrounded  by  glands  ; 
stigma  capitate.  Embryo  in  the  axis  of  albumen.  Herbaceous  plants  or  under¬ 
shrubs.  Leaves  opposite,  rugose,  without  stipules. 

Order  220. — Orobanchaceee.  Calyx  permanent.  Corolla  irregular.  Stamens 
didynamous.  Ovary  1-celled,  in  a  fleshy  disk,  with  2  or  4  parietal  placentae; 
stigma  2-lobed.  Fruit  capsular,  many-seeded,  enclosed  within  the  withered  per¬ 
manent  corolla;  seeds  very  minu'e;  embryo  extremely  small,  in  the  apex  of 
fleshy  albumen.  Parasitical  brown  leafless  herbs. 

Order  221. — Scrophulariacece.  Calyx  tubular,  permanent.  Corolla  irregular. 
Stamens  didynamous  or  2.  Ovary  2-celled ;  ovules  numerous  ;  stigma  2-lobed. 
Fruit  2-celled  ;  seeds  indefinite  or  definite,  albuminous.  Herbs  or  shrubs  with 
opposite  or  alternate  exstipulate  leaves. 

Alliance  5.—  Solanales.  Flowers  symmetrical.  Placenta  parallel  with  the 
axis.  Embryo  lying  in  albumen. 
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Order  222. — Solanacecc.  Calyx  persistent,  inferior.  Corolla  regular,  or  some¬ 
what  unequal,  plaited.  Stamens  inserted  upon  the  corolla.  Ovarv  2-celled; 
stigma  simple.  Pericarp  with  2,  or  4,  or  many  cells.  Seeds  numerous ;  embryo 
in  fleshy  albumen.  Herbaceous  plants  or  shrubs.  Leaves  alternate,  sometimes 
collateral.  Inflorescence  often  out  of  the  axil ;  pedicels  without  bracts. 

Order  223. — Cestracece.  Same  as  Solanaceae,  but  corolla  valvate,  embryo 
straight,  cotyledons  foliaceous. 

Alliance  C. — Gentianales.  Flowers  symmetrical ,  usually  tetrandrous  or  pentan- 
drous.  Placenta  perpendicular  to  the  axis.  Seeds  often  winged  or  comose. 
Leaves  opposite. 

Order  224. — Gentianacece.  Calyx  inferior,  persistent.  Corolla  regular,  with 
an  imbricated  twisted  aestivation.  Stamens  inserted  upon  the  corolla,  some  of 
them  occasionally  abortive.  Ovary  1-  or  2-celled  ;  stigmas  1  or  2.  Capsule  or 
berry  many-seeded  ;  the  margins  of  the  valves  turned  inwards.  Embryo  in  the 
axis  of  soft  albumen.  Herbaceous  plants.  Leaves  opposite,  entire,  without 
stipules,  3-5-ribbed. 

Order  225. —  Spigeliacece.  Calyx  inferior.  Corolla  regular,  valvate.  Stamens 
5.  Ovary  2-celled ;  style  articulated  with  it.  Fruit  2-celled,  2-valved,  the 
valves  turned  in  at  the  margin.  Seeds  several ;  embryo  very  minute,  in  fleshy 
albumen.  Herbaceous  plants  or  under-shrubs.  Leaves  opposite,  with  stipules. 

Order  226. — Apocynacece.  Calyx  persistent.  Corolla  regular,  5-lobed,  con¬ 
torted.  Stamens  5.  Filaments  distinct.  Pollen  granular.  Ovaries  2,  or  1- 2- 
celled,  polyspermous.  Stigma  1.  Fruit,  double,  or  single.  Seeds  with  fleshy 
albumen.  Trees  or  shrubs,  usually  milky.  Leaves  opposite,  quite  entire,  often 
having  glands  upon  the  petioles,  with  no  stipules. 

Order  227. — Asclepiadacecc.  Calyx  persistent.  Corolla  5-lobed,  regular,  im¬ 
bricated,  very  seldom  valvular.  Stamens  5.  Filaments  connate.  Anthers  2- 
celled.  Pollen  cohering  in  masses,  and  sticking  to  5  processes  of  the  stigma. 
Ovaries  2.  Styles  2.  Stigma  common  to  both  styles,  5-cornered.  Follicles  2. 
Seeds  comose ;  albumen  thin.  Shrubs  or  herbaceous  plants,  milky,  and  often 
twining.  Leaves  entire,  opposite,  having  cilise  between  their  petioles. 

Alliance  7. — Loganiales.  Flowers  unsymmetrical.  Stamens  never  2.  Leaves 
always  opposite. 

Order  228*—  Loganiacece.  Calyx  5-parted.  Corolla  regular  or  irregular,  con¬ 
volute.  Stamens  all  upon  the  same  line,  5-1.  Stigma  simple.  Fruit  either 
capsular  with  placentae  becoming  loose ;  or  drupaceous.  Seeds  peltate,  some 
times  winged  ;  albumen  fleshy  or  cartilaginous.  Shrubs,  herbaceous  plants, 
or  trees.  Leaves  opposite,  usually  with  stipules  in  the  form  of  interpetiolary 
sheaths. 

i  Order  229. — Potaliacece.  Calyx  with  4,  5,  or  6  partitions.  Corolla  regular, 
with  5  to  10  divisions  ;  aestivation  contorted.  Stamens  all  upon  the  same  line. 
Stigma  simple.  Fruit  succulent,  with  from  2  to  4  cells.  Seeds  numerous,  pel¬ 
tate  :  embryo  in  cartilaginous  albumen.  Trees  or  shrubs,  quite  smooth.  Leaves 
opposite,  united  by  interpetiolar  stipules. 

Alliance  8. — Oleales.  Flowers  regular,  unsymmetrical,  diandrous. 

Order  230. — Oleacece.  Calyx  monophyllous,  persistent.  Corolla  hypogynous, 
4-cleft,  valvate.  Stamens  2.  Ovary  without  any  disk,  2-celled  ;  ovules  pendu¬ 
lous  ;  stigma  bifid  or  undivided.  Fruit  often  by  abortion,  1-seeded.  Seeds  with 
dense  albumen.  Trees  or  shrubs.  Branches  usually  dichotomous.  Leaves 
opposite. 

Order  231. —  Jasminacece.  Calyx  divided  or  toothed,  persistent.  Corolla 
regular,  with  from  5  to  8  divisions,  imbricated  and  twisted.  Stamens  2.  Ovary 
destitute  of  a  disk,  2-celled  ;  ovules  erect ;  stigma  2-lobed.  Seeds  with  no  albu¬ 
men.  Shrubs.  Leaves  opposite  or  alternate,  mostly  compound. 
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Class  II.— GYMNOSPERMS. 

Exogens,  with  their  ovules  exposed  naked  to  the  fertilizing  influence  of  the 
pollen. 

Order  232. — Gnetaceee.  Flowers  monoecious  or  dioecious,  in  catkins  or  heads. 
Males;  calyx  1-leaved;  filament  simple  or  branched;  one  or  several  anthers, 
opening  by  a  pore.  Females  naked ;  ovary  perforated  at  the  apex,  contain¬ 
ing  a  solitary  erect  ovule,  pointed  by  a  style-like  process.  Fruit  drupaceous. 
Pericarp  leathery  or  shelly.  Embryo  dicotyledonous,  in  the  middle  of  fleshy 
albumen.  Small  trees,  or  sarmentose  shrubs,  with  thickened  separable  articu¬ 
lations.  Leaves  opposite,  entire,  with  pinnate  veins,  sometimes  very  minute. 
Ligneous  tissue  marked  with  circular  disks. 

Order  233. — Cijcadacece.  Flowers  dioecious.  Males  monandrous,  in  cones. 
Females  either  in  cones,  or  in  the  form  of  contracted  leaves.  Ovules  solitary, 
naked.  Embryo  in  the  midst,  of  albumen.  Trees,  with  a  cylindrical  trunk, 
increasing  by  a  single  terminal  bud.  Leaves  pinnated,  gyrate. 

Order  234. — Pinacece,  or  Conifer  re.  Flowers  monoecious  or  dioecious.  Males 
monandrous  or  monadelphous,  collected  in  a  deciduous  amentum.  Females  in 
cones.  Ovary  a  flat  scale.  Ovule  naked.  Fruit  a  cone.  Seed  with  a  hard 
integument.  Embryo  in  oily  albumen,  with  2  or  many  opposite  cotyledons. 
Trees  or  shrubs,  with  a  branched  trunk  abounding  in  resin.  Ligneous  tissue 
marked  with  circular  disks.  Leaves  entire. 

Order  235. — Taxacece.  Flowers  monoecious  or  dioecious,  solitary.  Filaments 
monadelphous.  Females  ;  ovules  naked,  their  outer  skin  becoming  hard.  Seed 
hard,  either  naked  or  surrounded  by  a  succulent  cup.  Albumen  fleshy.  Embryo 
dicotyledonous.  Trees  with  continuous  branches.  Ligneous  tissue  marked  with 
circular  disks.  Leaves  usually  entire  ;  sometimes  dilated  and  lobed,  and  in 
those  cases  having  forked  veins. 

Order  236. — Equisetacece.  Inflorescence  consisting  of  peltate  scales.  Flowers 
in  the  inside  of  the  lobes  of  the  scales.  Stamens  4,  clavate,  wrapped  round  a 
naked  ovule.  Leafless  branched  plants  with  a  striated  fistular  stem ;  the 
articulations  separable  and  surrounded  by  a  toothed  sheath.  Spiral  vessels 
very  few. 


Class  III.  ENDOGENS,  OR  MONOCOTYLEDONS. 

Elementary  organs  consisting  of  both  cellular  and  vascular  tissue,  a  portion 
of  the  latter  being  elastic  spiral  vessels.  Trunk  increasing  in  diameter  hy  the 
addition  of  new  matter  to  the  centre.  Leaves  not  readily  separated  from  the 
stem  by  an  articulation,  with  parallel  simple  veins,  connected  by  smaller  trans¬ 
verse  ones.  Propagation  effected  by  stamens  and  pistils.  Ovules  in  a  pericarp. 
Embryo  with  but  1  cotyledon;  if  2,  then  one  imperfect,  and  alternate  with  the 
other. 


Group  1.  (fpignttoSat. 

Anthers  distinct.  Flowers  complete,  ternary.  Ovary  inferior  ;  or  if  superior, 
then  the  leaves  either  scurfy  or  equitant. 

Alliance  1.— Amomales.  Leaves  with  the  veins  diverging  from  the  midrib  to 
the  margin. 

Order  237  .—Zingiberacece  or  Scitaminea?.  Calyx  superior,  tubular.  Corolla 
irregular,  with  6  segments  in  2  whorls.  Stamens  3,  of  which  the  2  lateral  are 
abortive.  Filament  not  petaloid.  Anther  2-celled.  Stigma  dilated,  hollow. 
Fruit  usually  capsular,  occasionally  berried.  Seeds  witli  or  without  an  aril; 
albumen  floury  ;  embryo  enclosed  within  a  vitellus.  Aromatic,  tropical,  herba¬ 
ceous  plants.  -  .  •  u 

Order  238.— Marantacece.  Calyx  superior,  of  3  sepals.  Corolla  irregular,  with 
the  segments  in  2  whorls.  Stamens  3,  petaloid,  of  which  one  of  the  laterals  and 
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the  intermediate  are  barren  or  abortive.  Filament  petaloid.  Anther  1-celled. 
Stigma  cucullate,  and  incurved.  Seeds  without  aril  ;  albumen  hard ;  embryo 
naked.  Herbaceous  tropical  plants  destitute  of  aroma. 

Order  239. — Musacece.  Flowers  spathaceous.  Perianth  6-parted,  petaloid, 
in  2  rows.  Stamens  6,  some  abortive;  anthers  2-celled.  Stigma  usually  3-lobed. 
Fruit  either  a  3-celled  capsule,  or  succulent.  Embryo  in  the  axis  of  mealy  albu¬ 
men.  Leaves  sheathing  at  the  base,  and  forming  a  kind  of  spurious  stem  ;  often 
very  large. 

Alliance  2. — Narcissales.  Flowers  hexandrous.  Sepals  and  petals  petaloid. 
Leaves  never  scurfy ;  with  the  veins  running  parallel  from  the  base  to  the 
apex. 

Order  240. — Amaryllidaceee.  Calyx  and  corolla  regular,  colored.  Stamens 
6  ;  anthers  bursting  inwardly.  Stigma  3-lobed.  Albumen  fleshy  or  corneous. 
Generally  bulbous,  sometimes  fibrous-rooted,  occasionally  with  a  cylindrical 
stem.  Leaves  ensiform. 

Order  241. — Hcemodoracece.  Calyx  and  corolla  more  or  less  woolly.  Stamens 
either  3  and  opposite  the  petals,  or  6  ;  anthers  bursting  inwardly.  Stigma  undi¬ 
vided.  Fruit  somewhat  nucamentaceous.  Leaves  equitant. 

Order  242. — Bui~m.anniaxece.  Perianth  tubular,  membranous,  with  6  teeth 
the  3  outer,  and  wing  or  keel  at  the  back.  Stamens  3  ;  anthers  sessile, 
opening  transversely.  Stigma  3-lobed,  petaloid.  Capsule  covered  by  the 
withered  perianth.  Seeds  very  numerous,  minute.  Herbaceous  plants,  with 
tufted  radical  acute  leaves,  or  none  ;  and  terminal  flowers,  sessile  upon  a  2  or  3- 
branched  rachis,  or  solitary. 

Order  243. — Taccaceee.  Perianth  with  the  limb  petaloid,  equal  or  unequal. 
Stamens  6  ;  filaments  hooded  at  the  apex;  anthers  inserted  below  the  points  of 
their  filaments.  Ovary  of  3  connate  carpels,  with  3  parietal  polyspermous  pla¬ 
centae  ;  styles  3,  connate ;  stigmas  radiating,  2-lobed.  Pericarp  1-celled,  many- 
seeded.  Albumen  fleshy.  Embryo  on  the  outside  of  =the  albumen.  Large 
perennial  herbs,  with  a  tuberous  root.  Leaves  pedatifid.  Flowers  on  the  top 
of  a  scape. 

Alliance  3. — Ixiales.  Stamens  3,  with  the  anthers  turned  outwards. 

Order  244. — Lridacece.  Calyx  and  corolla  confounded,  sometimes  irregular. 
Stamens  3,  from  the  base  of  the  sepals  ;  anthers  bursting  externally.  Stigmas 
3,  often  petaloid.  Albumen  corneous,  or  densely  fleshy.  Herbaceous  plants,  or 
undershrubs.  Roots  tuberous  or  fibrous.  Leaves  equitant. 

Alliance  4. — Bromeliales.  Calyx  usually  calycine,  sometimes  petaline.  Petals 
petaline.  Stamens  6  or  more.  Albumen  mealy. 

Order  245.  —  Bromeliacece.  Calyx  3-parted,  usually  herbaceous.  Petals 
coloured.  Stamens  6,  or  more.  Stigma  3-lobed,  or  entire,  often  twisted.  Seeds 
numerous  ;  embryo  taper,  or  minute,  in  the  base  of  mealy  albumen.  Stemless  or 
short-stemmed  plants,  with  rigid  channelled  leaves  often  covered  with  cuticular 
scales. 

Alliance  5. — Hydrales.  Calyx  calycine.  Petals  petaline.  Stamens  more  than 
6.  Albumen  absent. 

Order  246. — Hydrocharacece.  Sepals  3,  herbaceous.  Petals  3,  coloured.  Sta¬ 
mens  definite  or  indefinite.  Ovary  1  or  many-celled  ;  stigmas  3-6  ;  ovules  often 
parietal.  Seeds  without  albumen ;  embryo  undivided,  antitropous.  Floating  or 
water-plants. 

Group  2.  (©miatxbvoSae. 

Stamens  and  style  consolidated  into  a  column.  Flowers  complete,  ternary. 
Ovary  inferior. 

Order  247  —Orchidacece.  Sepals  3.  Petals  3,  of  which  2  are  uppermost,  and 
1,  the  lip,  undermost.  Stamens  3,  united  in  a  column,  the  2  lateral  abortive, 
the  central  perfect,  or  the  central  abortive,  and  the  2  lateral  perfect;  pollen 
powdery,  or  cohering  in  masses.  Ovary  1-celled  with  3  parietal  placentae; 
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style  a  part  of  the  column  of  the  stamens  ;  stigma  a  viscid  space  in  front  of  the 
column.  Capsule  bursting  with  3  or  6  valves.  Seeds  very  numerous ;  testa 
loose,  reticulated.  Herbaceous  plants.  Leaves  often  articulated  with  the 
stem. 

Order  248. —  Vamllacece.  Perianth  articulated  with  the  ovary,  sometimes 
with  an  external  calycine  cup.  Sepals  3,  of  which  1  forms  a  lip.  Stamen  1, 
pollen  granular.  Ovary  1-celled,  with  3  parietal  placentae.  Fruit  succulent. 
Seeds  with  a  smooth  tesla  tightly  adhering  to  them.  Herbaceous  plants,  with 
broad  leaves;  stem  mostly  climbing. 

Order  249. — Apostasiacece.  Calyx  and  corolla  of  3  similar  pieces.  Anthers 
2  or  3,  upon  a  short  column.  Ovary  3-celled,  with  3  polyspermous  placenta}  in 
the  axis  ;  style  filiform,  with  a  slightly  3-lobed  stigma.  Capsule  3-celled,  3- 
valved.  Seeds  very  minute,  with  a  skin  fitting  the  nucleus,  or  scobiform. 
Perennial  herbaceous  plants.  Leaves  firm,  thin,  sheathing  at  the  base. 

Group  3.  5?t)pogmu>$ae. 

.  Flowers  colored,  in  all  cases  ternary.  Ovary  superior. 

Alliance  1. — Palmales.  Arborescent  plants,  ivith  stems  growing  by  the  deve¬ 
lopment  of  a  central  bud  ;  rarely  dichotomous.  Embryo  in  no  certain  position. 

Order  250. — Palmacece.  Flowers  hermaphrodite,  or  polygamous.  Perianth 
6-parted,  persistent.  Stamens  inserted  into  the  base  of  the  perianth,  definite  or 
indefinite.  Ovary  3-celled,  or  deeply  3-lobed,  with  an  erect  ovule.  Fruit  bac¬ 
cate  or  drupaceous,  with  fibrous  flesh.  Albumen  cartilaginous ;  embryo  in  a 
cavity  at  a  distance  from  the  hilum.  Leaves  terminal,  very  large,  pinnate,  or 
flabelliform,  plaited  in  vernation.  Spadix  enclosed  in  a  valved  spatha.  Flowers 
small. 

Alliance  2. — Liliales.  Calyx  and  corolla  distinct,  both  petaloid.  Embryo  in 
the  axis  of  albumen. 

Order  251. — Pontederacece.  Perianth  tubular,  more  or  less  irregular,  with  a 
circinate  aestivation.  Stamens  3  or  6,  unequal.  Ovary  3-celled,  many-seeded; 
stigma  simple.  Embryo  in  the  axis  of  mealy  albumen.  Aquatic  or  marsh- 
plants.  Leaves  sheathing  at  the  base. 

Order  252. — Melanthacece.  Perianth  in  6  pieces,  or  tubular  ;  generally  invo¬ 
lute.  Stamens  6  ;  anthers  turned  inwards.  Ovary  3-celled,  many-seeded ;  style 
trifid  or  3-parted.  Capsule  divisible  into  3  pieces.  Albumen  dense,  fleshy. 
Roots  fibrous,  sometimes  fascicled.  Rhizoma  sometimes  fleshy.  Leaves  sheath¬ 
ing  at  the  base. 

Order  253. —  Gilliesiacece.  Flowers  hermaphrodite,  surrounded  by  bracts. 
Perianth  either  a  single  lobe,  or  an  urceolate  6-toothed  body.  Stamens  6,  all 
fertile,  or  3  sterile.  Ovary  3-celled  ;  stigma  simple.  Capsule  3-celled,  many- 
seeded.  Seeds  with  a  broad  hollow  neck  ;  embryo  curved  in  the  midst  of  fleshy 
albumen.  Small  herbaceous  plants.  Flowers  inconspicuous. 

I:  Order  254.  —  Liliacece.  Calyx  and  corolla  colored,  regular.  !  Stamens  6. 
Anthers  opening  inwards.  Ovary  3-celled ;  stigma  simple,  or  3-lobed.  Fruit 
3-celled.  Embryo  in  the  axis  of  fleshy  albumen.  Roots  fibrous,  or  fasciculate. 
Stem  none  ;  a  bulb  ;  or  tuberous,  or  creeping,  or  arborescent. 

Alliance  3. — Commelales.  Sepals  leafy.  Petals  colored.  Carpels  3,  com¬ 
pletely  combined. 

Order  255. — Commelinacem.  Sepals  3,  herbaceous.  Petals  colored,  sometimes 
cohering  at  the  base.  Stamens  hypogynous,  some  deformed.  Ovary  3- 
celled  ;  stigma  1.  Capsule  2- or  3-celled.  Seeds  often  twin;  embryo  pulley- 
shaped,  in  a  cavity  remote  from  the  hilum ;  albumen  fleshy.  Herbaceous  plants. 
Leaves  usually  sheathing. 

Alliance  4. — Alismales.  Sepals  usually  herbaceous.  Petals  colored.  Carpels 
more  or  less  distinct.  Albumen  0. 

Order  256.— Butomacece.  Sepals  3,  herbaceous.  Petals  3,  colored.  Stamens 
definite  or  indefinite.  Ovaries  3,  6,  or  more.  Follicles  many-seeded.  Seeds 
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minute,  attached  to  the  whole  of  the  inner  surface  of  the  fruit.  Aquatic  plants. 
I. eaves  very  cellular,  often  milky. 

Order  257. — Alismacece.  Sepals  3,  herbaceous.  Petals  3,  petaloid. "  Stamens 
definite  or  indefinite.  Ovaries  several,  1-celled  ;  ovules  ascending.  Fruit  not 
opening,  1  or  2-seeded.  Embryo  shaped  like  a  horse-shoe.  Floating  plants. 

Alliance  5. — Juncales.  Flowers  somewhat  glumaceous. 

Order  2b%.—Juncacea>.  Flowers  hermaphrodite  or  unisexual.  Calyx  and 
corolla  more  or  less  glumaceous.  Stamens  b,  sometimes  3.  Ovary  1-  or  3-celled. 
Stigmas  generally  3.  Fruit  capsular,  with  3  valves.  Seeds  neither  black  nor 
crustaceous;  albumen  firm  ;  embryo  within  it.  Herbaceous  plants,  with  fascicled 
or  fibrous  roots.  Flowers  generally  brown  or  green. 

Order  259. — Philydracece.  Perianth  2-leaved,  withering.  Filaments  3,  united 
at  the  base ;  the  lateral  ones  petaloid  and  sterile ;  anther  with  distinct  cells. 
Stigma  capitate.  Capsule  3-celled,  3-valved.  Seeds  numerous,  minute.  Root 
fascicled,  fibrous.  Leaves  ensiform,  equitant.  Flowers  alternate,  solitary, 
sessile,  subtended  by  a  spathaceous  bract. 

Group  4.  3tUto$ac. 

Leaves  either  with  many  ribs,  the  intervals  between  which  are  netted,  or  with 
a  midrib  and  netted  sides ;  foot-stalk  articulated  with  the  stem.  Embryo  with¬ 
out  a  lateral  slit.  Flowers  never  arranged  in  a  spadix.  Floral  envelopes  com¬ 
plete.  Twiners  or  climbers. 

Order  260. — Smilacece.  Flowers  hermaphrodite  or  dioecious.  Calyx  and  corolla 
inferior,  6-parted.  Stamens  6,  seldom  hypogynous.  Ovary  3-celled  ;  stigmas  3. 
Fruit  a  roundish  berry.  Albumen  between  fleshy  and  cartilaginous.  Herbaceous 
plants  or  under-shrubs,  with  a  tendency  to  climb.  Stems  woody. 

Order  261. — Dioscoreacecc.  Flowers  dioecious.  Calyx  and  corolla  superior. 
Stamens  6.  Ovary  3-celled,  with  1-  or  2-seeded  cells  ;  style  deeply  trifid.  Fruit 
leafy,  compressed,  occasionally  succulent.  Embryo  small,  near  the  hilum,  in  a 
large  cavity  of  cartilaginous  albumen.  Twining  shrubs.  Leaves  alternate, 
occasionally  opposite. 

Order  262. — Roxburghiacetx.  Perianth  of  from  4  to  6  petaloid  divisions. 
Stamens  4  to  6;  anthers  opening  inwards.  Ovary  superior,  1-celled,  with  poly- 
spermous  placentae ;  stigma  capitate.  Pericarp  1-celled.  Seeds  with  an 
embryo  in  the  axis  of  fleshy  albumen.  Twining  shrubs.  Flowers  large  and 
showy. 


Group  5.  J-^jpatluoslae. 

Flowers  imperfect,  with  scales  in  the  room  of  calyx  and  corolla,  or  naked ;  in 
most  cases  on  a  spadix  within  a  spathe.  Embryo  usually  with  a  lateral  cleft. 

Alliance  1. — Pandales.  Flowers  on  a  spadix.  Fruit  drupaceous.  Leaves  rigid 
and  with  parallel  veins.  Stem  usually  arborescent. 

Order  263.  —  Pandanacecc.  Flowers  dioecious  or  polygamous,  on  a  wholly 
covered  spadix.  Perianth  wanting.  Filaments  with  single  anthers.  Ovaries 
collected  in  parcels,  1-celled;  stigmas  sessile;  ovules  solitary,  erect.  Fruit 
drupes,  or  berries.  Albumen  fleshy ;  embryo  not  slit.  Stem  arborescent,  usually 
sending  down  aerial  roots.  Leaves  imbricated  in  three  rows,  with  their  margins 
almost  always  spiny. 

Order  264. —  Cydanthacece.  Flowers  monoecious  or  polygamous,  spirally 
arranged.  Males  consisting  of  2  anthers  opening  longitudinally  in  4  lines. 
Ovaries  with  a  parietal  placenta.  Fruit  berried.  Leaves  plaited,  petiolate. 
Spathes  membranous  and  colored. 

Alliance  2. — Arales.  Flowers  on  a  spadix.  Fruit  berried  or  capsular. 

Order  265. — Araceee.  Flowers  unisexual.  Perianth  wanting.  Stamens  defi¬ 
nite  or  indefinite,  very  short.  Ovary  1-celled,  very  seldom  3-celled ;  ovules  erect, 
or  pendulous,  or  parietal ;  stigma  sessile.  Fruit  succulent.  Embryo  in  the  axis 
of  albumen,  with  a  cleft  in  one  side.  Herbaceous,  or  shrubby ;  stemless  or  arbo- 
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rescent.  Leaves  with  parallel  or  branching  veins ;  sometimes  compound.  Spadix 
generally  enclosed  in  a  spathe. 

Order  266. —  Acoracece.  Flowers  hermaphrodite,  surrounded  with  scales. 
Spathe  leaf-like.  Stamens  with  2-celled  anthers,  turned  inwards.  Ovaries 
distinct.  Fruit  finally  juiceless.  Seeds  albuminous.  Rhizoma  jointed.  Leaves 
ensiform. 

Alliance  3. — Typhales.  Flowers  on  a  spadix.  Anthers  elevate  on  long  fila¬ 
ments.  Sepals  of  the  females  either  3,  or  a  ring  of  long  hairs. 

Order  267. —  Typhacecc.  Flowers  unisexual  upon  a  naked  spadix.  Sepals  3, 
sometimes  a  bundle  of  hairs.  Petals  wanting.  Stamens  3  or  6  ;  anthers  wedge- 
shaped.  Ovary  single,  1-celled;  ovule  pendulous  ;  stigmas  1  or  2,  linear.  Fruit 
not  opening.  Embryo  in  the  centre  of  albumen,  with  a  cleft  in  one  side.  Her¬ 
baceous  plants,  growing  in  marshes  or  ditches.  Leaves  rigid,  ensiform. 

Alliance  4. — Fluviales.  Flowers  in  loose  spikes,  or  solitary. 

Order  268. — Naiadacece  or  Fluviales.  Flowers  hermaphrodite  or  unisexual. 
Perianth  of  2  or  4  pieces,  rarely  wanting.  Stamens  definite.  Ovaries  1  or  more  ; 
ovule  pendulous.  Fruit  not  opening,  1-celled,  1-seeded.  Albumen  none ; 
embryo  antitropous,  with  a  lateral  cleft.  Water-plants.  Leaves  very  cellular. 
Flowers  inconspicuous. 

Order  269. — Juncaginacecc.  Sepals  and  petals  both  herbaceous,  rarely  absent. 
Stamens  6.  Ovaries  3  or  6,  cohering  firmly ;  ovules  1  or  2,  erect.  Fruit  dry ; 
albumen  wanting  ;  embryo  ortliotropous,  with  a  lateral  cleft.  Herbaceous  bog- 
plants.  Leaves  ensiform.  Flowers  inconspicuous. 

Order  270. — Pistiacece.  Flowers  2,  naked.  Stamens  definite.  Ovary  1-celled, 
with  erect  ovules.  Fruit  membranous  or  capsular,  1  or  more  seeded.  Embryo 
either  in  the  axis  of  fleshy  albumen,  and  having  a  lateral  cleft,  or  at  the  apex  of 
the  nucleus.  Floating  plants,  with  very  cellular,  lenticular,  or  lobed  stems  and 
leaves.  Flowers  from  the  margin  of  the  stems. 

Group  6.  tfMumogae. 

Perianth  usually  0,  in  its  room  herbaceous  or  scarious  bracts,  imbricated  over 
each  other ;  if  present  surrounded  by  such  bracts. 

Order  271. —  Graminacerx.  Flowers  consisting  of  imbricated  bracts.  Glumes 
usually  2,  alternate.  Palese  2,  alternate.  Scales  2  or  3,  sometimes  wanting. 
Stamens  hypogynous,  1,  2,  3,  4,  6,  or  more;  anthers  versatile.  Ovary  simple; 
styles  2,  very  rarely  1  or  3 ;  stigmas  feathery.  Pericarp  membranous.  Albumen 
farinaceous ;  embryo  on  one  side  of  the  albumen,  lenticular.  Culms  cylindrical, 
usually  fistular.  Leaves  alternate,  with  a  split  sheath.  Flowers  in  little 
locust®. 

Order  272. — Cyperacece.  Flowers  consisting  of  imbricated  solitary  bracts. 
Perianth  none.  Stamens  definite,  1,2,3,  4,  5,6,7,  10,  12;  anthers  fixed  by 
their  base.  Ovary  often  surrounded  by  bristles  ;  ovule  erect ;  style  single,  trifid, 
or  bifid.  Nut  crustaceous  or  bony.  Embryo  lenticular,  within  the  base  of  the 
albumen.  Leaves  with  their  sheaths  entire. 

Order  273. — Desvauxiacece.  Perianth  0,  except  sometimes  a2-valved  glume. 
Stamen  1.  Ovaries  from  3-18.  Fruit  as  many  utricles.  Little  tufted  herbs. 
Leaves  setaceous.  Flowers  in  a  terminal  spathe. 

Order  274. — Resiiacecx.  Perianth  inferior,  2-6-parted.  Stamens  2-6  ;  anthers 
usually  unilocular.  Ovary  1- or  more-celled  ;  cells  monospermous ;  ovules  pen¬ 
dulous.  Fruit  capsular,  or  nucamentaceous.  Embryo  lenticular,  on  the  outside 
of  the  albumen.  Herbaceous  plants  or  under-shrubs.  Leaves  simple,  narrow, 
or  none.  Culms  protected  by  sheaths  which  are  slit,  and  have  equitant  margins. 
Flowers  in  spikes. 

Sub-order. — Eriocaulece.  Flowers  in  heads.  Calyx  membranous  and  very 
cellular.  Seeds  covered  with  hairs.  Aquatic  plants  with  cellular  equitant 
leaves. 

Order  275. — Xyridacece.  Calyx  glumaceous,  3-leaved.  Corolla  3-petalled. 
Fertile  stamens  3,  upon  the  claws  of  the  petals ;  anthers  turned  outwards.  Style 
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trifid.  Capsule  1-celled,  3-valved,  with  parietal  placentae.  Embryo  on  the  out¬ 
side  of  the  albumen,  at  the  end  most  remote  from  the  hilum.  Herbaceous  plants 
with  fibrous  roots.  Leaves  radical,  ensiform,  with  equitant  bases.  Flowers  in 
terminal,  naked,  imbricated  heads. 


Class  IY.  RHIZANTHS. 

Parasitical  fungoid  leafless  plants.  Stem  homogeneous.  Vascular  system 
present.  Flowers  propagated  by  sexes.  Seeds  consisting  of  a  homogeneous 
sporuliferous  mass. 

Order  276. — Rafflesiacea.  Flowers  by  abortion,  dioecious.  Perianth  superior, 
5-par ted,  imbricated  ;  the  throat  surrounded  by  calli.  Column  adhering  to  the 
tube  of  the  perianth  ;  anthers  numerous,  2-celled,  opening  by  a  vertical  aperture. 
Ovary  inferior,  1-celled,  with  many-seeded  parietal  placentse ;  styles  conical. 
Stemless  plants.  Flowers  solitary,  immersed  among  scales. 

Order  277. —  Cytinacece.  Flowers  monoecious  at  the  top  of  a  stalk  covered 
with  scales.  Perianth  tubular,  with  a  spreading  limb.  Column  fleshy,  thick¬ 
ened  at  the  point,  covered  by  anthers.  Anthers  8,  2-celled.  Ovary  inferior, 
1-celled,  with  8  parietal  placentae.  Style  simple,  joined  to  the  tube  of  the  perianth 
by  septiform  processes  ;  stigma  capitate,  thick. 

Order  278. — Balanophoracece.  Flowers  monoecious,  in  dense  heads.  Calyx 
deeply  3-parted,  equal,  spreading.  Stamens  1-3,  epigynous,  with  both  united 
filaments  and  anthers;  the  latter  3.  Ovary  inferior,  1 -2-celled,  1-2-seeded ; 
ovule  pendulous.  Style  1  ;  stigma  simple,  rather  convex.  Fruit  1-celled,  con¬ 
taining  spores  collected  in  a  bag  resembling  a  seed.  Fungus-like  plants,  para¬ 
sitical  upon  roots.  Stem  naked,  or  covered  by  imbricated  scales. 

Order  279. —  Cynomoriacea ?.  Known  from  Balanophoraceae  by  their  stamens 
being  distinct,  and  the  perianth  of  the  male  flowers  imperfect. 


Class  V.  ACROGENS. 

Substance  of  the  plant  composed  of  cellular  tissue  chiefly;  spiral  vessels  or 
ducts  only  present  in  the  highest  orders.  Stem  either  increasing  by  an  exten¬ 
sion  of  its  point,  or  by  a  development  in  all  directions  from  one  common  point ; 
not  increasing  in  thickness  when  once  formed.  Sexual  organs  absent.  Repro¬ 
duction  taking  place  by  spores,  or  by  a  mere  dissolution  of  the  utricles  of  tissue. 

Alliance  1. —  Filicales,  or  Filices.  Leafy  plants  producing  a  rliizoma.  Leaves 
usually  coiled  up  in  vernation ,  with  dichotomous  veins  of  equal  thickness.  Theca ? 
arising  from  the  veins  upon  the  leaves,  pedicellate,  with  an  elastic  ring,  or  sessile 
and  destitute  of  a  ring. 

Order  280. — Polypodiacece.  Thecse  with  a  vertical,  usually  incomplete  ring ; 
bursting  irregularly  and  transversely. 

Order  281. — Gleicheniacece.  Thecse  with  a  transverse,  occasionally  oblique 
ring,  nearly  sessile,  and  bursting  lengthwise  internally. 

Order  282. —  Osmundacece.  Thecse  with  an  operculiform  ring,  or  without 
any  ;  reticulated,  striated  with  rays  at  the  apex ;  bursting  lengthwise,  and  usu¬ 
ally  externally. 

Order  283. — Danceacecc.  Thecse  sessile,  without  any  ring,  concrete  into  multi- 
locular  sub-immersed  masses,  opening  at  the  apex. 

Order  284. — Ophioglossacece.  Thecse  single,  roundish,  coriaceous,  opaque, 

without  ring  or  cellular  reticulation,  half  2-valved.  Vernation  straight. 

Alliance  2. — Lycopodales.  Stems  solid,  vascular.  Reproductive  organs  grow¬ 
ing  on  the  stem. 
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Order  285. — Lycopodiacea ?.  Moss-like  plants,  with  creeping  stems,  the  axis 
abounding  in  annular  ducts  ;  or  stemless  plants,  with  erect  subulate  leaves,  and 
a  solid  cormus.  Organs  of  reproduction  axillary  sessile  thecae,  containing  either 
minute  powdery  matter,  or  sporules,  marked  at  the  apex  with  three  minute 
ridges. 

Order  286. — Marsileacece.  Creeping  plants.  Leaves  petiolate  and  divided, 
coiled  up  in  vernation.  Reproductive  organs  enclosed  in  leathery  involucres, 
and  of  two  kinds,  the  one  consisting  of  sacs  containing  a  body  or  bodies 
which  germinate,  the  other  of  similar  sacs  containing  loose  granules.  Leaves 
with  veins. 

Order  287.— Salviniacere.  Stems  rooting  and  floating.  Leaves  sessile,  imbri¬ 
cated,  usually  papillose.  Receptacles  globose,  of  two  forms ;  some  filled  with 
angular  corpsucles,  others  1 -celled,  comprehending  numerous  small  stalked 
many-spored  bags. 

Alliance  3.— Muscales.  Flowerless  plants,  with  a  distinct  stem  having  no 
vascular  system,  but  frequently  furnished  with  leaves ;  sporules  contained  in 
distinct  thecce.  Germinating  processes  uniting  into  a  heterogeneous  body. 

Order  288. — Bryacece,  or  Musci.  Cellular  plants,  having  a  distinct  axis, 
covered  with  minute  leaves.  Reproductive  organs  of  two  kinds,  viz. :  axillary, 
cylindrical  stalked  sacs,  containing  a  multitude  of  particles  emitted  upon  the 
application  of  water  ;  and  thecae  or  hollow  urn-like  cases,  covered  by  a  calyptra, 
closed  by  a  lid,  within  which  are  rows  of  processes,  called  the  peristome ;  the 
centre  of  the  thecae  occupied  by  a  columella.  Sporules  protruding  confervoid 
filaments,  which  afterwards  ramify,  and  form  an  axis. 

Order  289. — Andrceacecv.  Branching  moss-like  plants,  with  imbricated 
leaves.  Thecae  with  a  calyptra,  splitting  longitudinally  into  four  valves.  Per- 
sistome  0.  Spores  attached  to  a  central  columella. 

Order  290. — Jungermanniacece.  Creeping  moss-like  plants,  either  with  im¬ 
bricated  leaves,  or  with  the  leaves  and  axis  all  fused  into  one.  Thecae  without 
an  operculum,  4-parted,  or  2-4-valved.  Spores  mixed  with  elaters. 

Order  291. — Marchantiacece,  or  Hepaticce.'  Plants  composed  entirely  of  cellu¬ 
lar  tissue,  emitting  roots  from  their  under-side,  and  consisting  of  an  axis,  bor¬ 
dered  by  a  membranous  expansion,  which  sometimes  forms  a  broad  lobed 
thallus.  Reproductive  organs  consisting  of  a  peltate  stalked  receptacle, 
bearing  thecae  on  its  under  surface ;  or  of  sessile  naked  thecae,  immersed,  or 
superficial. 

Alliance  4.— Charales.  Vascular  system  wholly  ivanting.  •  Germinating  pro¬ 
cesses  uniting  into  a  heterogeneous  body.  Reproductive  organs  axillary  globules. 
Tissue  tubular. 

Order  292.— Char acece.  An  axis,  consisting  of  parallel  tubes.  Organs  of 
reproduction,  succulent  globules,  containing  filaments  and  fluid;  and  axillary 
nucules,  formed  of  short  tubes,  twisted  spirally. 

Alliance  5. — Fungales.  Flowerless  leafless  plants,  with  no  distinct  axis  of 
growth.  Sporules  lying  naked  in  the  substance  of  the  plant.  Germinating  pro¬ 
cesses  either  wholly  distinct  or  confluent  in  a  homogeneous  body. 

Order  293. — Fungacece,  or  Fungi.  Plants  consisting  of  cellules,  among  which 
filaments  are  occasionally  intermixed,  increasing  in  size  by  addition  to  their 
inside;  their  outside  undergoing  no  change  after  its  first  formation,  frequently 
ephemeral.  Sporules  lying  either  loose  among  the  tissue,  or  enclosed  in 

sporidia.  _  . 

Order  294. — Lichenacece,  or  Li chenes.  Perennial  plants  spreading  in  the  form 
of  a  lobed  thallus.  Reproductive  matter  of  two]  kinds;  1,  sporules  lying  in 
membranous  tubes,  immersed  in  shields ;  2,  separated  cellules  of  the  medullary 
layer  of  the  thallus.  . 

Order  295  —Algacece,  or  Algce.  Leafless  flowerless  plants,  with  no  distinct 
axis;  growing  in  water,  consisting  either  of  simple  vesicles,  or  of  articulated 
filaments,  or  of  lobed  fronds.  Reproductive  matter  either  wanting  or  in  the 
joints  of  the  filaments,  or  in  thecae  of  various  forms.  Sporules  in  germination 
elongating  in  two  opposite  directions. 
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We  shall  conclude  our  observaiions 
upon  the  natural  system  by  explaining 
to  the  reader  the  best  method  of  study¬ 
ing  it,  and  the  real  nature  of  the  difficul¬ 
ties  attendant  upon  its  application  to 
practice. 

It  is  alleged  by  those  who  are  more 
anxious  to  throw  impediments  in  the 
way  of  a  student,  than  to  facilitate  his 
progress,  that  the  natural  system  of 
Botany  is  essentially  so  abstruse,  that 
no  one  except  those  whose  lives  are  de¬ 
voted  to  the  science,  can  hope  to  under¬ 
stand  it.  It  is  asserted,  that  in  regard 
to  the  three  great  classes  of  Dicotyle¬ 
dons,  Monocotyledons,  and  Acotyiedons, 
there  is  rarely  an  opportunity  of  ascer¬ 
taining  to  which  a  given  plant  belongs, 
because  it  is  so  seldom  that  the  seed 
can  be  procured,  or  because,  it  is  so 
difficult  to  examine  when  obtained ;  and 
hence,  although,  supposing  the  point  to 
be  ascertained,  the  labour  of  searching 
through  295  orders  would  be  reduced  to 
one  third,  yet  that  in  practice,  in  conse¬ 
quence  of  the  preliminary  difficulty  just 
alluded  to,  the  distinction  into  three 
classes  is  perfectly  nugatory.  But  it  has 
been  already  shewn  that  although  those 
three  classes  are  distinguished  by  dif¬ 
ferences  in  their  seeds,  yet  that  the  seed 
does  not  furnish  the  only  distinctions 
between  them,  but  that  they  are  known 
equally  well  by  differences  in  their 
flowers,  leaves,  manner  of  germination, 
and  usual  mode  of  growth ;  so  that  in¬ 
stead  of  any  veal  difficulty  in  finding  the 
class  of  a  plant  because  of  the  minuteness 
of  its  characters,  there  is  rather  a  diffi¬ 
culty  in  mistaking  it,  so  numerous  and 
obvious  are  the  distinctions. 

But  supposing  the  difficulty,  thus 
shewn  to  be  imaginary,  really  to  occur, 
still  the  student  ought  not  to  be  dis¬ 
heartened  at  the  number  of  the  natural 
orders  being  so  great  as  295,  for  of  those 
a  large  proportion  consists  of  plants 
of  unfrequent  occurrence  or  of  little 
importance,  and  the  great  bulk  of  the 
vegetable  kingdom  is  comprehended  in 
comparatively  a  small  number  of  orders. 
This  is  shewn,  so  far  as  flowering  plants 
are  concerned,  by  the  following  table  of 
the  number  of  species  contained  in  each 
natural  order  of  the  British  Flora  : — 


1  Ranunculaceae 

2  Berberacese 

3  Nymphaeacese 

4  Papaveraceae 

4  Fumariaceae 

5  Brassicaceac 


37  (1)  37 
2 
3 

}  18  (2)  18 
70  (3)  70 


6  Violaceae  . 

7  Cistaceae  . 

8  Droseraceae 

9  Frankeniaceae 

10  Polygalaceae 

1 1  Malvaceae 

12  Hypericacese 

13  Silenaceae 

14  Alsinaceae 

15  T.inaceao  . 

16  Tiliaceae  . 

17  Aceraceae 

18  Geraniaceae 

19  Oxalidaceae 

20  Balsaminaceae 

21  Illecebraceae 

22  Tamaricaceao 

23  Portulacaceac 

24  Crassulaceae 

25  Saxifragaceac 

26  Lythraceae 

27  Rhamnaceae 

28  Aquifoliace® 

29  Celastraceae 

30  Staphyleaceao 

31  Fabaceae  . 

32  Rosaceae  . 

33  Grossulaceae 

34  Onagraceae 

35  Circaeaceae 

36  Apiaceae  . 

37  Galiaceae  . 

38  Caprifoliaceae 

39  Cornaceae 

40  Loranthaceae 

41  Vaccinaceae 

42  Ericaceae 

43  Pyrolaceae 

44  Campanulaceae 

45  Lobeliaceae 

46  Valerianaceae 

47  Dipsaceae 

48  Cichoraceae 

49  Asteraceae 

50  Cynaraceae 

51  Boraginaceao 

52  Convolvulaceae 

53  Polemoniaceae 

54  Plantaginace® 

55  Plumbaginaceae 

56  Oleaceae  . 

57  Apocynaceae 

58  Gentianaceao 

59  Solanaceee 

60  Primulaceao 

61  Lentibulaceae 

62  Scrophularitfceae 

63  Orobanchaceae 

64  Verbenaceae 

65  Lamiaceae 

66  Santalaceae 

67  Elaeagnaceae 

P 


8 

6 

3 

2 


2 

6 


1 1 

(4)  11 

23 

(5)  23 

37 

(6)  37 

5 

4 

2 

18 

(7)  18 

2 

1 

5 

1 

1 

16 

(8)  16 

28 

(9)  28 

3 

2 

1 

1 

1 

74  (10)  74 
84  (11)  84 
6 

14  (12)  14 
2 

66  (13)  66 
21  (14)  21 
8 

3 
1 

4 

14  (15)  14 
6 

12  (16)  12 

3 

7 
6 

37 (17)  37 
66  (18)  66 
26  (19)  26 
24  (20)  24 

5 
1 

6 

4 
3 
2 

15  (21)  15 
12  (22)  12 
18  (23)  18 

46  (24)  46 

8 

1 

50  (25)  50 

1 

1 
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24  (26)  24 
1 

26  (27)  26 
2 
7 

3 

16  (28)  16 
1 
2 
7 

4 

33  (29)  33 
6 
3 
2 


3 

1 

1 

6 

15  (30)  15 

4 
3 
6 
2 
6 

38  (31)  38 
2 

5 

26  (32)  26 

1 

1 

1 

31  (33)  31 
92  (34)  92 
125(35)125 
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So  that  the  whole  of  the  British  flowering 
plants  is  comprehended  in  35  natural 
orders,  with  the  exception  of  129  species, 
which  belong  to  69  orders. 

Dr.  Asa  Gray  has  made  a  similar  cal¬ 
culation  with  reference  to  the  Flora  of 
the  United  States.  He  estimates  that 
thirteen  sixteenths  of  North  American 
plants  belong  to  35  natural  orders,  in 
the  following  proportions : — 


Asteraceso  .  1 

Cichoraceae  .  >  566 

Cynaracese  .  J 

Graminaceae  .  .  330 

Cvperaeeae  .  .  250 

Fabaceae  .  .  .  236 

Rosaceae  .  *.  .158 

Brassicaeeae  .  .  136 

Scrophulanaceae  .  131 
Corvlaceae .  .  1 

Salicaceae  .  .  >120 

Betulaceae  .  J 


Lamiaceae 

108 

Ericaceae  . 

108 

Ranunculaceae  . 

107 

Apiaceae  . 

69 

Onagraceae 

69 

Saxifragaceae 

67 

Orchidaceae 

62 

Silenaceae  . 

i 

Alsinaceae . 

1 

57 

Caprifoliaceae. 

53 

Euphorbiaceae 

52 

Polygonacese  . 

57 

Gentianaceae  . 

44 

Asclepiadaceae 

43 

Galiaceae 

i 

Cinchonaceae  . 

l 

39 

Polemoniaceae 

• 

38 

Boraginaceae  . 

• 

35 

Violaceae 

• 

35 

Convolvulaceae 

35 

Solanaceae 

• 

34 

Primulaceae  . 

• 

31 

Pinaceae 

V 

Q  1 

Taxaceae 

f 

O  1 

Chenopodiaceae 

31 

Liliaceae 

• 

39 

Malvaceae 

28 

Juncaceae 

24 

Melanthaceae  . 

24 

Polygalaceae  . 

• 

23 

And  of  these  moreover  the  9  natural 
orders  at  the  head  of  the  list  include  one 
half  of  the  whole  number. 

It  is  therefore  obvious  that  there  exists 
a  necessity  for  the  acquaintance  with  a 
very  small  part  only  of  the  natural  sys¬ 
tem,  in  order  to  possess  a  knowledge  of 
the  systematical  relations  of  the  greater 
part  of  a  given  Flora. 

The  most  useful  method  of  becoming 
familiar  with  each  natural  order  is  to 
procure  some  species,  no  matter  which, 
provided  it  is  typical—  generally  those 
belonging  to  the  genus  after  which  the 
order  is  named,  are  the  commonest  and 
most  characteristic — and  to  examine 
and  describe  it  carefully,  so  as  to  im¬ 
press  it  distinctly  upon  the  mind.  Hav¬ 
ing  done  this,  the  student  should  in  the 
next  place  compare  his  description  with 
the  account  he  finds  of  his  plant  in  the 
books  in  his  possession;  if  the  two 
agree,  he  will  of  course  conclude  that 
he  has  observed  it  correctly;  but  if 
there  should  be  any  discrepancy,  he 
ought  then  to  re-examine  his  plant, 
with  a  view  to  ascerlaining  whether  he 
is  in  error  or  not.  A  full  acquaintance 
with  the  typical  species  being  thus  ob¬ 
tained,  it  will  be  as  well  to  procure  a  few 
other  nearly  related  species  and  to  com- 
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68  Thymelaceae 

69  Polygonaceae 

70  Amarantaceae 

71  Chenopodiaceso 

72  Sclerantnacese 

73  Urticacese 

74  Resedacese 

75  EuphorbiacesB 

76  Empetraceae 

77  Aristolochiaceae 

78  Ulmaceae  . 

79  Betulaceae. 

80  Salicaceae. 

81  Corylaceae 

82  Pinaceae  . 

83  Taxaceae  . 

84  Myricaceae 

85  Callitrichaceae 

86  Araceae 

87  Acoraceae  . 

88  Typhaeeae  . 

89  Naiadaceae 

90  Pistiaceae 

91  Juncaginaceae 

92  Alismaceae 

93  Hydrocharaceae 

94  Iridaceae  . 

95  Orchidaceae 

96  Melanthaceae 

97  Amaryllidaceae 

98  Liliaceae  . 

99  Dioscoreaceae 

100  Butomaceae 

101  Restiaceae 

102  Juncaceae 

103  Cyperaceae 

104  Graminaceae 
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pare  them  carefully  with  the  first,  for 
the  sake  of  seeing  to  what  extent  a  de¬ 
viation  from  the  organization  of  the 
original  species  takes  place  in  them. 

In  like  manner  a  second  natural  order 
should  be  studied,  then  a  third,  and  so 
on,  till  several  types  of  structure  are 
made  familiar  to  the  mind.  If  about  30 
or  40  different  forms  are  correctly  under¬ 
stood  upon  this  plan,  the  student  will 
possess  a  key  to  the  systematical  ar¬ 
rangement  of  any  European  Flora  ac¬ 
cording  to  natural  affinities.  He  will 
next  proceed  to  study  the  distinctive 
characters  of  such  genera  as  he  meets 
with  in  each  natural  order,  and  he  will 
find  that  the  facility  of  examining  them 
will  be  in  proportion  to  the  correctness 
with  which  he  has  possessed  himself  of 
the  characters  proper  to  the  natural 
orders  themselves. 

It  is  only  after  the  student  has  ad¬ 
vanced  to  this  point  that  he  is  recom¬ 
mended  to  engage  in  the  study  of  the 
smaller  and  less  important  natural 
orders. 

The  real  difficulties  that  present 
themselves  to  the  inexperienced  bota¬ 
nist  are  very  different  from  those  which 
are  commonly  adduced,  and  are  in  fact 
of  precisely  the  same  nature  as  those 
which  occur  in  regard  to  all  systema¬ 
tical  arrangements  whatsoever.  They 
arise  out  of  the  very  nature  of  natural 
history,  and  are  caused  by  that  constant 
tendency  to  vary  from  a  typical  form, 
which  seems  to  be  an  essential  property 
of  organic  matter.  It  has  already  been 
shewn  in  this  treatise  that  an  exact 
definition  is  an  impossibility  in  respect 
to  the  distinctions  of  plants,  whether 
viewed  as  species,  genera,  tribes,  orders, 
alliances,  or  groups  ;  that  is  to  say,  that 
no  character  can  be  framed  to  which  an 
exception  may  not  be  produced  ;  or  that 
if  particular  instances  of  exactly  defined 
associations  of  plants  can  be  produced, 
as  of  Apiacese  for  instance,  the  cause  of 
such  exceptions  to  a  very  general  rule 
may  be  reasonably  referred  to  the  in¬ 
complete  knowledge  of  them  which  we 
as  yet  possess  ;  and  we  are  justified  by 
all  analogy  in  anticipating  the  discovery 
of  exceptions  to  the  characters  of  all 
such  associations. 

For  example,  the  principal  part  of  the 
genus  Rhamnus  consists  of  pentapeta- 
lous  species ;  and  consequently  Rham¬ 
nus  is  stationed  among  Polypetalous 
Exogens  ;  but  Rhamnus  alaternus  has 
no  petals,  and  would  therefore  be  looked 
upon  by  a  student  who  attended  only 


to  words  as  an  incomplete  Exogen. 
This  would  necessarily  be  a  source  of 
great  embarrassment,  and  illustrates 
perfectly  the  most  material  difficulty 
that  occurs  in  systematical  Botany.  But 
it  is  not  confined  to  a  natural  arrange¬ 
ment  ;  on  the  contrary,  such  cases  happen 
quite  as  frequently  in  the  Linnean  arti¬ 
ficial  arrangement,  as  is  shewn  by  the 
same  genus  Rhamnus.  The  principal 
part  of  this  genus  consists  of  species 
which  are  hermaphrodite  and  pentan- 
drous ;  but  Rhamnus  catharticus  is 
dioecious.  In  consequence  of  the  pre¬ 
ponderance  of  pentandrous  hermaphro¬ 
ditism,  Rhamnus  is  placed  in  Pentan- 
dria ;  but  if  a  student  meets  with  Rham¬ 
nus  catharticus  he  will  naturally  search 
for  it  in  Dioecia,  where  he  will  not  find 
it.  In  both  these  cases,  equally,  the 
position  of  the  exceptional  species  in  a 
system  is  necessarily  determined  by 
their  resemblance  to  other  species,  and 
not  by  their  accordance  with  the  verbal 
definition  of  the  part  of  the  system  in 
which  they  are  placed. 

An  English  botanist  has  shewn  that 
these  cases  occur  far  more  frequently 
than  is  supposed,  in  the  popular  Lin¬ 
nean  system.  He  has  proved  that  in 
the  British  Flora  alone  there  are  in 
fourteen  sections  of  the  sexual  system, 
containing  173  genera,  no  fewer  than 
forty-three  exceptions,  which  is  nearly 
equal  to  one  quarter  of  the  whole  ; 
(. Lindley's  Introduction  to  the  Natural 
System  of  Botany,  ed.  1,  p.  xiii ;)  and  in 
like  manner  an  ingenious  American  Bo¬ 
tanist  has  shewn  that  out  of  274  genera 
belonging  to  eighteen  Linnean  sections, 
there  is  about  the  same  proportion  (78) 
of  exceptions  ;  that  is  to  say,  between 
one-third  and  one-fourth  of  the  whole 
number  contains  “  species  which  are 
uniformly  or  commonly  at  variance  with 
the  class  or  order  to  which  they  are 
referred :  thus  presenting  a  much  greater 
amount  of  exceptions  than  can  be  found 
in  all  natural  families,  not  only  of  the 
district  which  the  work  embraces,  but 
in  the  whole  of  North  America.  A 
similar  analysis,  compiled  from  a  gene¬ 
ral  Flora  of  North  America  according 
to  this  system  would,  we  doubt  not, 
exhibit  a  much  greater  proportion  of 
exceptions.”  ( Asa  Gray's  Elements  of 
Botany,  p.  309.) 

Of  such  instances  as  that  of  Rham¬ 
nus  there  is  a  large  number;  many 
polypetalous  orders  contain  monopeta- 
lous  and  incomplete  genera,  many 
monopetalous  natural  orders  contain 
P  2 


196 


BOTANY. 


polypetalous  genera,  and  some  even 
apetalous,  as  Primulaceae;  and  the 
groups,  alliances  and  genera  are  in  the 
same  condition.  Practically  such  ex¬ 
ceptions  are  not  of  importance  to  the 
experienced  botanist,  for  he  soon  ceases 
to  judge  of  plants  by  their  verbal  cha¬ 
racters,  and  forms  his  opinions  of  them 
by  their  natural  resemblance  in  the 
mass  of  their  characters  to  other  things 
with  which  he  is  acquainted.  He 
knows,  for  example,  that  an  apetalous 
Rhamnus  is  not  the  less  a  Rhamnus 
from  wanting  petals,  because  in  all 
other  respects  it  corresponds  with  that 
polypetalous  genus.  But  the  beginner, 
or  the  inexperienced  botanist,  is  in  a 
different  position  ;  he  has  not  that  pre¬ 
vious  knowledge  to  refer  to,  and  he  is 
necessarily  embarrassed  by  such  ex¬ 
ceptions.  As  these  occur  perpetually 
under  whatever  point  of  view  plants 
lare  systematically  arranged,  it.  has 
been  proposed  to  overcome  the  difficul¬ 
ties  they  occasion  by  a  method  of  in¬ 
vestigation  purely  analytical,  from 
which  all  idea  of  combination  is  ex¬ 
cluded  ;  for  an  explanation  of  which, 
see  chap.  xiii. 

Chapter  X. 

Of  Artificial  Systems. 

The  sole  object  proposed  by  an  artificial 
system  is  to  enable  a  person  to  discover 
the  name  of  a  given  plant,  if  it  is  al¬ 
ready  known  to  naturalists.  An  artifi¬ 
cial  system  may  therefore  be  compared 
to  a  dictionary  in  which  words  are  ar¬ 
ranged  according  to  the  correspondence 
of  their  initial  letters,  adjacent  words 
having  no  necessary  agreement,  except 
in  commencing  with  the  same  letters. 
Such  an  arrangement  of  the  words  of  a 
language  is  of  the  highest  utility ;  be¬ 
cause  from  the  immutability  of  words  it 
is  impossible  for  any  person  to  be  mis¬ 
led  who  knows  how  to  spell ;  and  if  the 
nature  of  plants  were  immutable  in  the 
same  degree,  an  artificial  arrangement 
would  also  be  of  great  importance  in 
Botany ;  but  it  happens  that  no  certain 
and  unvarying  signs  can  be  discovered 
in  the  vegetable  kingdom,  and  conse¬ 
quently  an  artificial  arrangement  parti¬ 
cipates  in  all  the  inconveniences  of  a 
natural  arrangement,  without  offering 
any  advantages  in  compensation.  Hence 
artificial  systems  are  gradually  falling 
into  disuse,  and  are  chiefly  employed 
now  by  writers  for  popularity. 

There  are  those  who  conceive  that  the 


whole  purpose  of  a  systematical  ar¬ 
rangement  of  objects  in  natural  history 
is  to  enable  a  person  to  discover  readily 
the  name  of  a  particular  species;  and 
through  that  discovery  to  ascertain 
what  is  known  of  its  habits,  uses,  qua¬ 
lities,  and  so  on.  Those  who  entertain 
that  opinion  attach  little  value  to  a 
natural  arrangement  ;  for  the  impor¬ 
tance  of  making  a  systematical  classi¬ 
fication  coincide  with  an  accordance  in 
structure,  manner  of  growth,  use,  qua¬ 
lity,  and  so  on,  is  in  their  estimation  an 
object  not  worth  the  trouble  it  appears 
to  occasion. 

Let  it  not,  however,  be  supposed 
that  those  great  botanists  with  whom 
artificial  schemes  of  classification  have 
originated  had  any  such  opinion  as 
this.  On  the  contrary,  Linnaeus  in  par¬ 
ticular  invented  his  system  merely  as  a 
temporary  expedient  for  reducing  dis¬ 
order  into  order,  and  never  contem¬ 
plated  its  being  retained  after  the  prin¬ 
ciples  of  the  natural  system  should  be 
better  investigated  than  they  had  been 
in  his  day;  and  Jussieu  applied  his 
merely  to  the  classification  of  genera 
too  imperfectly  known  to  be  correctly 
referred  to  any  of  the  natural  orders  he 
had  proposed.  So  that  neither  of  these 
naturalists,  and  it  is  not  worth  men¬ 
tioning  any  others  with  reference  to 
this  subject,  contcmplated.the  applica¬ 
tion  of  their  artificial  schemes  to 
other  than  temporary  purposes.  They 
were  certainly  very  far  from  considering 
them  as  anything  beyond  a  convenient 
means  of  attaining  an  important  end. 

We  shall  give  a  brief  explanation  of 
that  of  Jussieu,  which  is  little  known, 
and  a  larger  one  of  the  celebrated 
sexual  system  of  Linnaeus. 

Chapter  XI. 

Of  the  Artificial  System  of  Jussieu. 

At  the  end  of  his  Genera  Plantarum, 
Jussieu  arranged  upon  an  artificial 
plan  all  those  genera,  that,  from  the 
imperfect  manner  in  which  they  had 
been  examined,  the  incompleteness  of 
their  descriptions,  or  the  singularity  of 
their  structure,  were  not  capable  of 
being  referred  1o  any  of  his  natural 
orders.  Among  “  methodical  indexes,” 
as  he  called  all  artificial  arrangements, 
J ussieu  considered  that  the  best  which  is 
most  efficient  with  the  least  disturbance 
of  natural  affinity,  and  hence  he  pre¬ 
ferred  the  great  features  in  the  method 
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of  Tournefort,  derived  from  differences  in 
the  corolla,  to  those  of  Linnaeus  derived 
from  differences  in  the  sexes.  But 
in  regard  to  secondary  characters,  he 
considered  the  differences  taken  hy 
Tournefort  from  the  form  of  the  corolla, 
and  from  the  woody  and  herbaceous 
condition  of  the  stem,  as  unimportant; 
for  which  he  substituted  the  position 


of  the  ovary  with  regard  to  the  calyx. 
He  further  proposed  to  subdivide  his 
secondary  divisions  according  to  the 
number,  &c.,  of  the  stamens  ;  thus 
forming  a  combination  of  Ihe  methods 
of  Tournefort  and  Linnaeus  with  an  im¬ 
portant  addition  of  his  own. 

The  result  of  such  a  combination  is 
the  following  scheme  : — 


Class  1.— MONOPETALOUS. 
Order  1. — Ovary  superior. 

Linnean  subdivisions. 

Order  2. — Ovary  inferior. 

Linnean  subdivisions. 


Class  2.— POLYPETALOUS.  • 
Order  1. — Ovary  superior. 

Linnean  subdivisions. 

Order  2. — Ovary  inferior. 

Linnean  subdivisions. 


Class  3.— APETALOUS,  HERMAPHRODITE. 
Order  1. — Ovary  superior. 

Linnean  subdivisions. 

Order  2. — Ovary  inferior. 

Linnean  subdivisions. 


Class  4. — APETALOUS,  UNISEXUAL. 
Order  1. — Ovary  superior. 

Linnean  subdivisions.' 

Order  2.-rOvary  inferior. 

Linnean  subdivisions. 


It  is  not  a  little  curious  that  this 
scheme,  which  is  in  every  respect  so 
much  superior  to  that  of  Linnaeus, 
should  have  attracted  so  little  notice. 
For  facility  of  reference,  and  convenient 
grouping  it  is  far  more  useful  ;  as  a 
ready  means  of  sorting  plants  it  is 
infinitely  preferable  ;  and  as  a  method 
of  analysis  it  has  the  great  advantage 
of  breaking  up  the  vegetable  kingdom 
into  a  much  larger  number  of  subdivi¬ 
sions.  The  Linnean  system  does  not 
admit  at  the  most  of  more  than  215 
final  groups,  but  this  artificial  scheme 
of  Jussieu  may  contain  considerably 
more  than  1000.  The  only  mode  of 
accounting  for  its  not  having  been 
adopted  is  upon  the  supposition  that 
those  who  studied  the  work  of  Jussieu 
did  not  recognise  the  necessity  of  any 
artificial  method  whatsoever,  and  there¬ 
fore  did  not  adopt  his  ;  while  those 
who  preferred  an  artificial  method  of 
classification  were  either  contented 
with  that  of  Linnaeus  with  all  its  in¬ 
conveniences,  or  were  unacquainted 
with  that  of  Jussieu. 


Chapter  XII. 

Of  the  Linnean  or  Sexual  System 

One  of  the  most  remarkable  discoveries 
of  Linnaeus  was  the  existence  in  all 
plants  of  sexes  analogous  to  those  of 
animals.  That  some  plants  have  sexes 
was  not  indeed  any  discovery  of  his, 
for  it  was  an  admitted  fact  in  certain 
cases  long  before  the  time  of  Linnaeus ; 
but  it  was  to  him  that  the  world  owed 
the  proof  that  that  which  had  been 
regarded  as  a  special  property  of  parti¬ 
cular  kinds  of  plants  was  an  universal 
property  of  vegetable  nat  ure.  It  is  not 
surprising  then  that  when  pursuing  his 
investigations  of  this  curious  subject, 
he  should  have  been  led  to  adopt  the 
differences  in  the  number,  position, 
proportion,  8cc.  of  the  sexual  organs  as 
the  basis  of  a  system  of  classification. 
Neither  is  it  to  be  wondered  at  that 
the  world  should  have  been  so  dazzled 
by  the  brilliancy  of  the  discovery  of 
sexes  in  plants,  and  the  ready  adapta¬ 
tion  of  the  discovery  to  purposes  of 
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arrangement,  by  one  of  the  most  clear¬ 
headed  and  skilful  systematiststhat  the 
world  has  ever  produced,  as  to  have  failed 
to  perceive,  even  after  the  lapse  of  more 
than  half  a  century,  how  much  more  spe¬ 
cious  than  solid  is  the  whole  framework 
of  the  famous  sexual  system.  Little  in¬ 
deed  was  really  known  of  the  extent  of 
the  vegetable  kingdom  for  more  than 
seventy  years  after  the  artificial  system 
of  Linnaeus  was  first  promulgated  ;  it 
had  generally  been  considered  with 
reference  chiefly  to  the  inconsiderable 
Flora  of  Europe,  and  often  of  mere  cor¬ 
ners  of  Europe,  for  the  great  mass  of 
Linnean  systematists  has  always  con¬ 
sisted  of  the  writers  or  compilers  of 
little  local  Floras.  Hence  the  inappli¬ 
cability  of  it  with  any  kind  of  conveni¬ 
ence  to  the  whole  vegetable  kingdom 
was  not  capable  of  being  appreciated. 


and  the  numerous  exceptions  which  its 
advocates  could  not  conceal  or  diminish 
were  undervalued,  and  spoken  of  as  if 
they  were  likely  to  be  fewer  in  countries 
of  a  more  varied  and  richer  vegetation, 
rather  than  incalculably  more  nume¬ 
rous. 

Before  proceeding  to  discuss  specifi¬ 
cally  the  advantages  and  disadvantages 
of  this  celebrated  system,  we  shall  first 
explain  the  system  itself.  Its  classes, 
twenty-four  in  number,  are  exclusively 
founded  upon  differences  in  the  number, 
position,  proportion,  adhesion,  &c.  of  the 
stamens ;  the  orders  or  subordinate  divi¬ 
sions  upon  variations  principally  of  the 
styles,  although  peculiarities  in  the  sta¬ 
mens  are  sometimes  also  employed  in 
distinguishing  orders  as  well  as  classes. 
The  characters  of  the  classes  are  as 
follows  : — 


Class 


I. 

II. 

III. 

IV. 

V.  • 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII. 
XVIII. 

XIX. 

XX. 
XXL 

XXII. 


XXIII 


XXIV 


Stamen  l 
Stamens  2 
Stamens  3 
Stamens  4 
Stamens  5 
Stamens  6 
Stamens  7 
Stamens  8 
Stamens  9 
Stamens  10 
Stamens  12 — J9 
Stamens  20  or  more,  inserted  into  the  calyx  •  . 
Stamens  20  or  more,  inserted  into  the  receptacle 
Stamens  2  long  and  2  short 
Stamens  4  long  and  2  short 
Stamens  united  by  their  filaments  into  a  tube  . 
Stamens  united  by  their  filaments  into  two  parcels 
Stamens  united  by  their  filaments  into  several 
parcels  ,  .  ... 

Stamens  united  by  their  anthers  into  a  tube 
Stamens  united  with  the  pistil 
Stamens  and  pistils  in  separate  flowers,  but 
both  growing  on  the  same  plant  . 

Stamens  and  pistils  not  only  in  separate  flowers, 
but  those  flowers  situated  upon  two  different 
plants  .... 

.  Stamens  and  pistils  separate  in  some  flowers, 
united  in  others,  either  on  the  same  plant,  or 
two  or  three  different  ones 
,  Stamens  and  pistils  either  not  ascertained,  or 
not  to  be  discovered  with  any  certainty,  inso¬ 
much  that  the  plants  cannot  be  referred  to 
any  of  the  foregoing  classes 


Monandria. 

Diandria. 

Triandria. 

Tetrandria. 

Pentandria. 

Hexandria. 

Heptandria. 

Octandi’ia.  * 

Enneandria. 

Decandria. 

Dodecandria. 

Ic*>sandria. 

Polyandria. 

Didynamia. 

Tetradynamia. 

Monadelphia. 

Diadelphia. 

Polyadelphia. 

Syngenesia. 

Gynandria. 

Monoecia. 


Dioecia. 


Polygamia. 


Cryptogamia. 


The  characters  of  the  orders  depend 
upon  the  number  of  the  styles,  or  of 
the  stigmas,  if  there  be  no  style,  in  the 
first  thirteen  classes  ;  such  are  accord¬ 
ingly  named, — 

Monogynia  Style  1 


Digynia  Styles  2 
Trigynia  .  .  3 

Tetragynia  .  .  4 

Pentagynia  .  .  5 

Hexagynia  .  .  6 

Heptagynia  .  .  7 
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Octogynia' 

Enneagynia 

Decagynia 

Dodecagynia 

Polygynia 


Styles  8 
.  9 

.  1U 
.  12 

.  more  than  12. 


In  the  14th  class,  Didynamia,  the 
orders  depend  upon  the  nature  of  the 
ovary.  In  Gymnospermia,  the  first 
order,  the  ovary  is  divided  into  four 
lobes,  from  the  base  of  which  proceeds 
a  single  style,  and  within  each  of  which 
is  contained  a  single  seed.  In  Angio- 
spermia,  the  2nd  order,  the  ovary  is 
not  lobed,  and  is  usually  two-celled, 
and  many-seeded. 

In  the  15th  class,  Tetradynamia,  the 
orders  are  characterised  by  the  form 
of  the  fruit :  Sili quasar  have  a  long 
pod;  Siliculosce  have  a  short  one. 

The  orders  of  the  16th,  17th,  and 
18th  classes,  Monadelphia,  Diadelphia, 
and  Polyadelphia,  depend  upon  the 
number  of  the  stamens,  and  have  the 
same  nomenclature  as  the  thirteen  first 
classes. 

The  orders  of  Syngenesia  are  deter¬ 
mined  by  the  arrangement  of  their 
flowers,  and  by  the  sex  of  their  florets  : 
thus — 

Polygamia,  has  flowers  crowded  toge¬ 
ther  in  heads. 

1.  Polygamia  cequalis,  has  each  flo¬ 
ret  hermaphrodite,  or  furnished  with 
perfect  stamens  and  pistil. 

2.  Polygamia  superfl.ua,  has  the  flo¬ 
rets  of  the  disk  hermaphrodite  ;  those 
of  the  ray  female  only. 

3.  Polygamia  frustranea,  has  the  flo¬ 
rets  of  the  disk  hermaphrodite  ;  those 
of  the  ray  steril. 

4.  Polygamia  necessaria,  has  the  flo¬ 
rets  of  the  disk  male,  of  the  ray  female. 

5.  Polygamia  segregata,  “  has  seve¬ 
ral  florets,  either  simple  or  compound, 
but  with  a  proper  calyx,  included  within 
one  common  calyx.” 

Monogamia,  has  the  flowers  separate, 
not  crowded  in  heads.  This  order  is 
generally  abolished  by  Linnean  bo¬ 
tanists,  but  for  no  good  reason. 

The  orders  of  the  20th,  21st,  and  22nd 
classes  are  distinguished  by  the  num¬ 
ber,  &c.  of  the  stamens ; 

The  two  orders  of  the  23rd  class  de¬ 
pend  upon  whether  the  genera  are 
monoecious  or  dioecious. 

The  last  class,  Cryptogamia,  is  divid¬ 
ed  into  orders  according  to  the  princi¬ 
ples  of  the  natural  system,  namely,  1. 
Filices  ;  2-  Musci ;  3.  Hepatic®  ;  4. 
Algae  ;  5.  Fungi. 

Various  modifications  and  alterations 


of  this  method  have,  from  time  to  time, 
been  proposed  by  different  writers  ; 
some  reducing  the  whole  of  Monoecia, 
Dioecia,  and  Polygamia  to  other  classes, 
others  combining  some  of  the  smaller 
classes  with  the  larger  ones.  The  late 
Professor  Richard  in  particular  sug¬ 
gested  several  real  improvements  ;  but 
they  now  excite  so  little  interest,  in 
consequence  of  the  neglect  into  which 
the  artificial  system  has  deservedly 
fallen,  that  it  is  not  worth  enumerating 
them  in  this  place. 

The  reader  will  at  once  perceive  the 
merits  of  the  sexual  system  of  Linnaeus. 
It  is  so  simple  that  any  body  may 
master  it  in  an  hour  ;  the  names  of  its 
classes  and  orders  generally  carry  with 
them  their  own  explanation ;  the  parts 
upon  whose  difference  the  system  turns 
are  readily  examined ;  and  the  whole 
scheme  is  so  plain  as  to  be  intelligible 
to  the  meanest  capacity.  These  are  its 
advantages.  Its  disadvantages  much 
more  than  counterbalance  them. 

If  it  is  easy  to  discover  the  class  and 
order  of  a  plant  in  the  Linnean  system, 
it  is  proportionably  difficult  to  ascertain 
its  genus,  because  each  order  contains 
a  very  large  number  of  genera,  usually 
having  no  relation  to  each  other,  and 
each  of  which  must  consequently  form 
a  distinct  subject  of  study.  But  it  is 
very  often  impossible  to  discover  even 
the  class  and  order,  because  the  same 
genus  will  comprehend  species  belong¬ 
ing  to  different  classes  and  orders,  and 
a  genus  has  only  one  place  in  the  sys¬ 
tem  ;  so  that  it  is  incorrect  to  say  that 
the  artificial  method  of  Linnaeus  is  the 
same  to  Botany  as  an  alphabet  is  to  a 
language,  because  it  has  not  and  can¬ 
not  have  the  same  precision.  An  alpha¬ 
bet  is  formed  upon  unerring  charac¬ 
ters  :  an  artificial  system  in  natural 
history  is  necessarily  founded  upon 
varying  characters.  In  case  the  in¬ 
quirer  commits  an  error  in  determining 
the  class  and  order  of  his  plant,  he  has 
no  means  of  checking  it  by  taking  into 
account  other  characters  than  those  by 
which  the  class  and  order  are  actually 
settled.  Finally,  it  is  necessary  to  have 
a  plant  in  flower  in  order  to  commence 
its  examination,  and  it  is  inconvenient 
to  be  compelled  to  study  a  plant  exclu¬ 
sively  in  some  one  state,  inasmuch  as  it 
must  often  happen  that  the  plant  is  not 
in  that  state  when  it  is  collected. 

Upon  this  subject  we  have  the  fol¬ 
lowing  additional  remarks  from  Pro¬ 
fessor  Lindley 
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It  is  now  admitted  on  all  hands  that 
the  artificial  system  of  Linnaeus,  which 
was  so  important  and  useful  at  the  time 
when  it  was  first  contrived,  is  altoge¬ 
ther  unsuited  to  the  present  state  of 
science ;  and  in  the  latest  work  that  has 
been  published  in  this  country,  upon 
that  system,  the  learned  and  amiable 
author  is  forced  to  rest  his  defence  of 
his  still  following  it  upon  “the  facility 
with  which  it  enables  any  one,  hitherto 
unpractised  in  Botany,  to  arrive  at  a 
knowledge  of  the  genus  and  species  of 
a  plant.”  But  if  a  system  of  Botany  is 
to  be  nothing  more  than  a  contrivance 
to  help  those  who  will  not  master  the 
elements  of  the  science,  to  determine 
the  name  of  a  plant ;  and  if  it  is  really 
necessary  to  have  a  mental  rail-road  on 
which  such  persons  may  be  impelled 
without  any  exertion  of  their  own ;  then 
indeed  the  analytical  lables  of  the 
French  are  infinitely  better  contrivances 
than  the  sexual  system ;  because  if  well 
executed  they  meet  every  case  and  lead 
with  certainty  to  positive  results. 

I  have,  however,  been  always  at  issue 
with  the  Linnean  school  of  Botany  as 
to  their  system  accomplishing  even  the 
liltle  that  it  pretends  to ;  and  if  I  may 
be  permitted  to  appeal  to  my  own  per¬ 
sonal  experience  of  the  difficulties  of  a 
beginner  who  is  unassisted  by  a  tutor, 
(and  few  could  have  had  few'er  difficul¬ 
ties  to  contend  against  than  myself,)  I 
should  say  that  it  is  totally  opposed  to 
such  a  conclusion.  I  began  with  the 
Linnean  system,  which  I  was  taught  to 
believe  little  less  than  an  inspired  pro¬ 
duction  ;  I  had  plenty  of  books  compiled 
according  to  that  system  to  consylt,  and 
I  was  fairly  driven  to  seek  refuge  in  the 
natural  system  from  the  difficulties  and 
inconsistencies  of  that  of  Linnaeus. 

It  seems  to  me  that  there  is  a  con¬ 
fusion  of  ideas  in  what  is  urged  in  favour 
of  the  Linnean  system,  and  that  its 
theoretical  simplicity  is  mistaken  for 
practical  facility  of  application.  That 
the  principles  of  the  Linnean  system 
are  clear  and  simple,  and  easily  remem¬ 
bered,  is  indisputable;  that  student  in¬ 
deed  must  be  remarkably  dull  of  appre¬ 
hension  who  could  not  master  them  in 
a  day.  But  is  its  application  equally 
easy?  that  is  the  point.  When,  for 
example,  a  specimen  of  a  Monopetalous 
plant  has  lost  its  corolla,  or  when  the 
stamens  or  pistils  are  absent,  either 
accidentally,  or  constitutionally,  as  in 
Dioecious  plants,  what  Linnean  bota¬ 
nist  can  classify  the  subject  of  inquiry  ? 


Or  where  a  genus  comprehends  species 
varying  in  the  number  of  their  stamens, 
as  for  instance,  Polygonum,  Salix,  St  el- 
laria,  and  hundreds  of  others,  who  is  to 
say  which  of  the  species  is  to  determine 
the  classification  of  the  rest  ?  Or  when 
this  point  has  been  settled,  how  is  the 
student  to  know  what  passed  in  the 
mind  of  the  botanical  systematist?  The 
latter  puts  a  genus  into  Octandria, 
because  out  of  ten  species,  one  has 
constantly,  and  two  occasionally,  eight 
stamens,  and  he  includes  in  the  same 
class  and  order  all  the  other  species  of 
the  genus,  although  they  have  five,  six, 
or  ten  stamens.  Suppose  the  student 
meets  with  one  of  the  last,  and  wishes 
to  ascertain  its  name  by  the  Linnean 
system,  he  will  look  for  it  in  Pentan- 
dria,  orHexandria, or  Decandria,  where 
he  will  not  find  it.  After  wasting  his 
time,  and  exhausting  his  patience  in  a 
vain  pursuit,  he  must  abandon  the 
search  in  utter  hopelessness,  for  there 
is  no  other  character  that  he  can  make 
use  of  as  a  check  upon  the  first.  At 
last  some  one  will  tell  him  that  his 
plant  is  a  Polygonum  :  he  turns  to  his 
book,  wondering  how  he  could  have 
overlooked  it ;  and  he  finds  Polygonum 
in  Octandria.  Should  he  inquire  how 
this  is,  he  will  learn  that  his  species 
belongs  to  Octandria,  not  because  it  is 
octandrous,  bat  because  it  is  so  very 
like  other  Polygonums,  that  it  cannot 
be  separated from  them,  and  they  belong 
in  most  cases  to  Octandria.  This  is  the 
unavoidable  answer  ;  and  what  does  it 
really  mean,  except  that  it  is  not  in 
consequence  of  its  accordance  with  the 
system  that  the  student's  Polygonum 
is  to  be  discovered,  but  in  consequence 
of  its  natural  relation  to  other  Polygo¬ 
nums  ?  so  that  it  is  necessary  to  under¬ 
stand  the  natural  system  1o  make  use 
of  the  artificial  system  !  This  is  no 
exaggerated  case,  but  one  of  common 
occurrence.  It  is  undoubtedly  true  that 
in  some  books  such  inconvenience  is 
guarded  against  by  special  contriv¬ 
ances  ;  but  those  contrivances  form  no 
part  of  the  system. 

Granting,  however,  for  argument’s 
sake,  that  these  and  other  objections 
are  overstated,  and  that  the  Linnean 
system  does  really  facilitate  the  dis¬ 
covery  of  the  class  and  order  to  which 
a  plant  belongs,  let  us  next  consider 
what  advance  towards  the  determina¬ 
tion  of  the  genus  and  species,  or  in 
other  words  the  name  of  a  plant,  a  stu¬ 
dent  has  really  made,  when  the  class 
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and  order  are  ascertained.  If  this  argu¬ 
ment  were  conducted,  as  in  strictness  it 
ought  to  be,  with  reference  to  the  whole 
vegetable  kingdom,  it  would  be  easy  to 
show  that  the  student  had  in  fact  gained 
almost  nothing  that  was  of  use  to  him  ; 
but  in  order  to  give  the  friends  of  the 
Linnean  system  every  advantage  in 
the  discussion,  let  us  see  of  what  use  it 
will  be  to  him  in  regard  to  the  few 


hundred  plants  that  grow  wild  in  Eng¬ 
land.  For  this  purpose  take  the  generic 
characters  in  Diandria  Monogynia,  as 
stated  in  Dr.  Hooker’s  British  Flora,  a 
work  in  which  the  subject  is  treated  with 
all  the  skill  and  perspicuity  of  which  it 
is  susceptible,  and  in  which  the  Lin¬ 
nean  system  is  seen  to  the  greatest 
advantage.  The  characters  are  these : — 


*  Perianth  double ,  inferior ,  monopetalous,  regular. 

1.  Ligustrum,  Linn.  Privet. —  Cor.  four-cleft.  Berry  two-celled,  with  the  cells 
two-seeded. 


**  Perianth  double,  inferior,  monopetalous,  irregular.  Seeds  enclosed  in  a 
distinct  pericarp  ( Angiospermous ). 

2.  Veronica,  Linn.  Speedwell. — Cor.  four-cleft,  rotate,  lower  segment  narrower. 
Caps,  two-celled. 

3.  Pinguicula,  Linn.  Butterwort. — Cal.  two-lipped,  upper  lip  of  three,  lower 
of  one  bifid  segment.  Cor.  ringent,  spurred.  Germen  globose.  Stigma  large, 
of  two  unequal  plates  or  lobes.  Capsule  one-celled,  with  the  seeds  attached  to  a 
central  receptacle. 

4.  Utricularia,  Linn.  Bladderwort. —  Cal.  two-leaved,  equal.  Cor.  personate, 
spurred.  Stigma  two-lipped.  Caps,  globose,  of  one  cell.  Seeds  fixed  to  a  central 
receptacle. 

***  Perianth  double,  inferior,  monopetalous,  irregular.  Seeds  four,  appa¬ 
rently  naked  ( closely  covered  by  the  pericarp.  Gymnospermous.) 

5.  Lycopus,  Linn.  Gipsey-wort. — Cal.  tubular,  five-cleft.  Cor.  tubular,  limb 
nearly  equal,  four-cleft,  upper  segment  broader,  and  notched.  Slam,  distant, 
simple. 

6.  Salvia,  Linn.  Sage  or  Clary. — Cal.  two-lipped,  tubular.  Cor.  labiate,  the 
tube  dilated  upwards  and  compressed.  Filaments  with  two  divaricating  branches, 
one  only  bearing  a  perfect  single  cell  of  an  anther. 

****  perish  double,  superior. 

7.  Circ;ea,  Linn.  Enchanter’s  Nightshade. — Cal.  two-leaved,  but  united  into  a 
short  tube  at  the  base.  Cor.  of  two  petals.  Caps,  two-celled  ;  cells  one-seeded. 

*****  Perianth  single,  ot  none. 

8.  Fraxinus,  Linn.  Ash. —  Cal.  0,  or  four-cleft.  Cor.  0,  or  of  four  petals.  Caps. 
two-celled,  two-seeded,  compressed  and  foliaceous  at  the  extremity.  Seeds  soli¬ 
tary,  pendulous.  (Some  flowers  without  stamens.) 

9.  Lemna,  Linn.  Duckweed. — Perianth  single,  monophyllous,  membranaceous, 
urceolate.  Fruit  utricular. 

10.  Cladium,  Schrad.  Twig-rush. — Perianth  single,  glumaceous.  Glumes  of 
one  piece  or  valve,  one-flowered,  imbricating;  outer  ones  steril.  Fruit  a  nut, 
with  a  loose  external  coat,  destitute  of  bristles  at  the  base. 


This  extract  from  the  British  Flora 
makes  it  evident  that  in  determining  to 
what  genus  a  plant  belongs  a  great  deal 
of  inquiry  beyond  the  discovery  that  it 
has  two  stamens  and  one  style,  is  indis¬ 
pensable  :  “  The  student  must  be  ac¬ 
quainted  with  the  meaning  of  many 
technical  terms ;  he  must  have  his  plant 
in  different  states  of  growth ;  he  must 
procure  the  fruit ;  he  must  examine  the 
interior  of  that  part ;  in  short,  he  must 
go  through  a  long  and  careful  examina¬ 
tion,  which  is  entirely  independent  of 
the  sexual  system.  In  other  and  larger 
classes,  such  as  Pentandria,  Hexandria, 


Tetradynamia,  Syngenesia,  Gynandria, 
and  Monoecia,  the  length  and  difficulty 
of  such  an  examination  are  vastly  in¬ 
creased.  Now  I  distinctly  assert  that 
there  is  no  difficulty  in  determining  the 
natural  orders  of  plants  greater  than 
that  of  making  out  the  genera  in  the 
Linnean  system.  In  fact  it  is  the  very 
same  thing,  only  with  a  different  result: 
in  the  one  case  it  leads  to  the  mere  dis¬ 
covery  of  a  name,  in  the  other  to  the 
knowledge  of  a  great  number  of  useful 
and  interesting  facts,  independent  of  Ihe 
name.” 

It  is  necessary  to  make  these  obser- 
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vations,  in  consequence  of  the  strong 
prejudices  that  people  entertain  in  this 
country  concerning  the  sexual  system, 
believing  it  to  be  the  most  perfect,  the 
most  useful,  the  most  philosophical  that 
has  ever  been  devised  for  the  classifica¬ 
tion  of  plants.  It  is  no  disrespect  to  the 
author  of  that  system,  to  shew  its  im¬ 
perfection  and  inutility;  a  philosophical 
character  he  never  dreamed  of  claiming 
for  it.  An  ingenious  American  botanist 
has  well  observed,  that  no  one  could  be 
more  fully  aware  of  the  insufficiency  of 
an  artificial  system  in  botany,  or  could 
more  highly  appreciate  the  advantages 
of  the  natural  method,  than  Linnaeus 
himself;  and  the  so-called  Linnean 
botanists,  in  whose  estimate  the  former 
system  leaves  little  to  be  desired,  have 
quite  mistaken  the  views  of  their  great 
master,  and  sadly  misrepresented  his 
opinions.  While  he  framed  an  artificial 
system  for  the  convenient  arrangement 
of  plants,  justly  considering  it  as  the  one 
best  adapted  for  this  purpose  at  that 
day,  and  indeed  as  the  only  available 
one  in  the  then  existing  state  of  the 
science ;  he  also  gave  a  sketch  of  a 
natural  method,  explaining  the  princi¬ 
ples  on  which  the  latter  might  be  ex¬ 
pected  to  rest,  and  pronounced  the  in¬ 
vestigation  of  natural  affinities  to  be  the 
great  object  of  his  studies,  and  the  most 
important  part  of  the  science ;  consider¬ 
ing  the  artificial  system  as  a  temporary 
expedient,  which  however  necessary  at 
that  day,  would  inevitably  give  place  to 
the  system  of  nature  so  soon  as  its  fun¬ 
damental  principles  should  be  discover¬ 
ed.  It  will  not  be  deemed  irrelevant  to 
adduce  more  fully  the  testimony  of  Lin¬ 
naeus  on  this  subject ;  since,  in  this 
country  at  least,  the  well-deserved  fame 
of  that  distinguished  naturalist  is  some¬ 
what  endangered  by  the  eulogies  and 
injudicious  zeal  of  those  who  pretend  to 
be  his  followers  and  exclusive  admirers. 
Linnaeus,  with  all  his  partiality  for  the 
system  he  himself  invented,  affirms  that 
the  artificial  method  is  but  a  substitute 
for  the  natural,  to  which  it  must  in  due 
time  give  place.  The  natural  method, 
he  also  states,  is  and  must  be  the  prin¬ 
cipal  object  of  the  science  ;  the  elucida¬ 
tion  of  which  is  the  first  and  ultimate 
aim  of  botanists  :  to  this  end  the  labour 
of  the  greatest  botanists  should  be  dili¬ 
gently  directed,  and  the  merest  frag¬ 
ments  of  this  system  should  be  carefully 
studied.  Though  not  yet  discovered,  it 
is  held  in  high  estimation  by  the  wisest 
botanists,  while  by  the  less  learned  it  is 


thought  to  be  of  little  consequence. 
“  For  a  long  time,”  continues  Linnaeus, 
“  I  have  laboured  to  establish  it ;  I  have 
made  many  discoveries,  but  have  not 
been  able  to  perfect  it ;  yet  while  I  live 
I  shall  continue  to  labour  for  its  com¬ 
pletion.  In  the  mean  time  I  have  pub¬ 
lished  what  I  have  been  able  to  discover, 
and  whosoever  will  resolve  the  few 
plants  which  still  remain,  shall  be  my 
Magnus  Apollo.  Those  are  the  greatest 
botanists  who  are  able  to  correct,  aug¬ 
ment,  and  perfect  this  method  ;  which 
those  who  are  unqualified  should  not 
attempt." 

It  must  now,  we  think,  be  conceded 
on  all  hands,  that  the  day  anticipated 
by  Linnreus  has  arrived,  when  the  arti¬ 
ficial  system  having  effected  the  object 
for  which  it  was  invented — that  of  serv¬ 
ing  as  a  temporary  substitute  for  a 
natural  system — is  no  longer  needed ; 
that  it  has,  in  fact,  after  accomplishing 
a  great  amount  of  good  in  its  day,  given 
place  to  another  method  equally  con¬ 
venient,  and  infinitely  more  philoso¬ 
phical  as  well  as  useful ;  and  those  who 
perpetuate  its  existence  on  account  of 
the  alleged  facilities  which  it  presents 
for  acquiring  a  mere  knowledge  of 
names,  with  the  least  possible  expen¬ 
diture  of  thought,  would  do  well  to 
consider  whether  the  respect  due  to  the 
system  of  Linnaeus,  viewed  in  reference 
to  the  higher  ends  for  which  he  himself 
intended  it,  be  not  compromised  by 
permitting  its  degradation  to  purposes 
for  which  it  was  not  originally  de¬ 
signed. 

Chapter  XIII. 

Of  Analytical  Schemes. 

It  has  already  been  stated  that  from  the 
variable  nature  of  organic  bodies,  there 
is  no  possibility  of  framing  exact  defi¬ 
nitions  of  the  associations  into  which 
they  are  systematically  distributed. 
Moreover,  the  great  number  of  such 
associations  renders  it  desirable  that 
some  ready  means  should  be  devised 
for  analyzing  them,  and  bringing  their 
points  of  difference  into  direct  contrast. 

For  this  purpose  two  methods  have 
been  devised ;  one,  which  may  be  called 
the  tabular,  by  Ray  ;  the  other,  which 
may  be  termed  the  dichotomous,  by 
Lamarck.  These  are  both  founded  upon 
the  common  process  of  analysis  which 
is  unconsciously  employed  by  the  hu¬ 
man  mind.  In  all  cases  the  mental 
operation  by  which  one  thing  is  dis¬ 
tinguished  from  another,  consists  in  a 
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continual  contrasting  of  characters.  For 
instance,  in  a  mass  of  individuals  we 
distinguish  one  set  which  is  coloured, 
and  another  which  is  colourless ;  of 
those  that  are  coloured  we  distinguish 
red,  black,  blue,  and  green ;  of  the  red, 
some  are  square,  others  are  round ;  of 
the  round,  some  are  sculptured  on  their 
surface,  others  are  even: — and  so  we 
proceed,  analyzing  the  subject  by  a 
constant  series  of  contrasts,  until  we 


have  arrived  at  the  point  beyond  which 
no  analysis  can  go. 

Ray  reduced  this  to  a  tabular  form. 
Lamarck  represented  it  by  a  constant 
succession  of  dichotomies  or  divarica¬ 
tions  connected  with  each  other  by 
means  of  numbers.  We  offer  an  ex¬ 
ample  of  each,  applied  to  the  natural 
orders  comprehended  in  the  Flora  of 
Great  Britain. 


Tabular  Analysis  of  the  Natural  Orders  comprehended  in  the  British  Flora, 
according  to  the  method  of  Ray. 

CLASS  I.  EXOGENS. 


Sub-class  1.  POLYPETAL^E. 


*  Polyandrous.  Stamens  more  than  20. 


§  Ovary  inferior,  or  partially  so. 


Leaves  with  stipules 
Leaves  without  stipules 


Pomeaj. 

Nymphaeaceae. 


§§  Ovary  ivholly  superior. 

Leaves  with  stipules. 

Carpels  more  or  less  distinct,  or  solitary  . 

Carpels  wholly  combined  into  a  solid  pistil  with  more  pla¬ 
centas  than  one. 

Calyx  imbricated  .  .  ... 

Calyx  valvate. 

Stamens  monadelphous  ... 

Stamens  distinct  ...  ... 

Leaves  without  stipules. 

Carpels  more  or  less  distinct. 

Stamens  perigynous  ..... 
Stamens  hypogynous. 

Calyx  in  a  perfect  whorl  .  .  .  . 

Calyx  in  a  broken  whorl  .... 

Carpels  wholly  combined. 

Placentas  parietal  .  .  . 

Placentas  spread  over  the  dissepiments 
Placentas  in  the  axis  .... 


Rosaceae. 


Cistaceae. 

Malvaceae. 

Tiliaceao. 


Rosaceoo. 

Ranunculaceae, 

Hypericaceae. 

Papaveraceae. 

Nymphaeaceae. 

Cistaceae. 


**  Oligandrous.  Stamens  fewer  than  20. 


§  Ovary  inferior,  or  partially  so. 

Placentas  parietal. 

Flowers  unisexual  .... 

Flowers  hermaphrodite  .... 
Placentas  in  the  axis. 

Flowers  in  umbels  .  ... 

Flowers  not  in  umbels. 

Fruit  many-seeded, 

two-celled  ..... 
four-celled  ..... 

Fruit  few-seeded  .  ... 


Cucurbitaceae. 

Grossulaceae. 

Apiaceae. 


Saxifragaceae. 

Onagraceae. 

Cornaceae. 
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§§  Ovary  wholly  superior. 
t  Leaves  furnished  mith  stipules. 

Carpels  distinct. 

Fruit  leguminous  .... 

Fruit  drupaceous  or  capsular  .  .  . 

Carpels  combined. 

Placentas  parietal. 

Leaves  circinate  when  young  .  .  . 

Leaves  straight  when  young  . 

Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Calyx  in  a  broken  whorl 
Calyx  in  a  perfect  whorl. 

Petals  minute  .... 

Petals  conspicuous  .  . 

Styles  more  or  less  combined. 

Gynobasic. 

Fruit  beaked  .... 

Fruit  not  beaked  . 

Not  Gynobasic. 

Calyx  imbricated 

Calyx  valvate  .... 


+t  Leaves  without  stipules . 

Carpels  distinct. 

Anthers  with  recurved  valves 
Anthers  with  longitudinal  valves. 

Carpels  each  with  an  hypogynous  scale 
Carpels  without  an  hypogynous  scale 
Carpels  combined. 

Stamens  tetradynamous  .... 
Stamens  not  tetradynamous. 

Placentas  parietal. 

Calyx  polysepalous. 

Albumen  large  i  .  . 

Albumen  none  ... 

Calyx  tubular  .  .  .  . 

Placentas  in  the  axis. 

Styles  distinct  to  the  base. 

Calyx  in  a  broken  whorl. 

Stamens  polyadelphous 
Stamens  monadelphous  or  free 
Calyx  in  a  perfect  whorl. 

Carpels  divaricating  at  the  apex  . 

Carpels  not  divaricating. 

Calyx  tubular 
Calyx  many-leaved 
Styles  more  or  less  combined.  • 

Calyx  in  a  broken  whorl. 

regular  .... 

papilionaceous  .  .  .  . 

Calyx  in  a  perfect  whorl. 

Anthers  opening  by  pores 
Anthers  opening  by  slits. 

Fiowers  unisexual  .  .  .  . 


Flowers  hermaphrodite. 
Calyx  tubular 
Calyx  many-leaved. 
Stamens  hypogynous. 
Brown  parasites 
Green  shrubs 
Stamens  perigynous 


.  Fabacesc. 
Rosacem.  , 

Droserace®. 
Violace®. 


Elatinace®. 

Illecebrace®. 

Saxifragaceac. 


Geraniacero. 

Oxalidace®. 

Portulacace®. 

Rhamnace®. 


Berberace®. 

Crass  ul  ace®. ' 
Ranunculace®. 

Brassicace®. 


Papaverace®. 

Resedace®. 

Frankeniace®. 


Hypericace®. 

Linace®. 

Saxifragace®. 

Silenace®. 

Alsinace®. 


Aceraee®. 

Polygalace®. 

Ericace®. 

Empetrace®. 

Lythrace®. 


Monotropace®. 

Tamaricace®. 

Celastrace®. 
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Sub-class  II.  INCOMPLETE.’ 


*  Achlamydeous. 

Neither  calyx  nor  corolla. 

Seeds  comose 

.  .  .  Salicacesc. 

Seeds  naked. 

Fruit  tricoeeous 

.  .  .  .  Euphorbiacese. 

Fruit  indehisccnt. 

Flowers  amentaceous 

.  .  .  Myrieaceae. 

Flowers  solitary 

,  .  .  Callitrichacece. 

Flowers  panicled 

.  .  .  Oleaceao. 

**  Monochlamydeous.  A  calyx  present. 


§  Ovary  inferior,  or  nearly  so. 

lowers  unisexual. 

Fruit  in  a  cupule 
Fruit  naked  .  . 

Flowers  hermaphrodite. 

Ovary  one-celled.  Anther  two-celled. 

Embryo  straight. 

Albumen  none  .  . 

Albumen  fleshy  ... 

Embryo  curved  ... 

Ovary  one-celled.  Anthers  many-celled 
Ovary  more  than  one-celled 


Corylacese. 

Cucurbitaceae. 


Haloragese. 

Santalaceae. 

Chenopodiaceae. 

Loranlhacese. 

Halorageae. 


Ovary  superior. 


Leaves  with  stipules. 
Flowers  hermaphrodite. 


Carpels  two,  combined  into  a  solid  pistil  . 

Carpels  solitary  or  quite  separate. 

.  Ulmaceae. 

Calyx  membranous 

Calyx  firm  and  herbaceous. 

.  Illecebraceae. 

Styles  single  .  ... 

.  Sanguisorbaeeae. 

Styles  triple  .... 

Flowers  unisexual. 

Carpels  more  than  one. 

.  Polygonacese. 

Flowers  amentaceous 

.  Betulacese. 

Flowers  not  amentaceous  . 

.  Euphorbiacese. 

Carpels  solitary  .  ... 

Leaves  destitute  of  stipules. 

.  Urticacese. 

Flowers  unisexual  .... 

Flowers  hermaphrodite. 

Carpels  more  than  one,  consolidated. 

.  Euphorbiacese. 

Two  divaricating  carpels 

Carpels  not  divaricating. 

.  Saxifragacese. 

Stamens  hypogynous 

Stamens  perigynous. 

.  Alsinacese. 

Fruit  one-celled 

.  Primulaceae. 

Fruit  many-celled 

Carpels  solitary,  or  separate 

I.ythraceae. 

Carpels  several  ...  . 

Carpels  solitary. 

.  Ranunculacese, 

Calyx  with  a  hardened  tube 

Calyx  herbaceous. 

.  Scleranthaceoe. 

Stipules  ochreate  .  . 

Stipules  0. 

.  Polygonacese. 

Ovules  pendulous 

Ovule  erect. 

.  Thymelacese. 

Leaves  lepidote  .  . 

.  Elmagnaceae. 

Leaves  naked 

.  Chenopodiaceae. 
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Sub-class  III.  MONOPETALiE. 


*  Ovary  superior.  Flowers  regular. 


Ovary  four-lobed  .  .  .  .  .  . 

Ovary  entire. 

Carpels  4,  5,  or  more. 

Anthers  opening  by  pores. 

Herbs  ..... 

Shrubs  .  .  .  .  . 

Anthers  opening  by  slits. 

Stamens  opposite  the  segments  of  the  corolla  and 
equal  to  them  in  number 

Stamens  not  opposite  the  segments  of  the  corolla, 
the  same  number. 

Seeds  indefinite  ...  .  . 

Seeds  definite  in  number. 

Ovules  erect  ... 

Ovules  pendulous  .... 
Carpels  usually  three 
Carpels  only  two. 

Diandrous  .  .  ... 

Stamens  4  or  more. 

Calyx  in  a  broken  whorl. 

Leafy  twiners  .  ... 

Leafless  twining  parasites 
Calyx  in  a  perfect  whorl. 

Carpels  3 
Carpels  (  ) 

Corolla  imbricated  .  ... 

Corolla  contorted  ... 

Carpel  single. 

Style  single  ...... 

Styles  5 


Boraginaeex'. 


Pyrolacese. 

Ericaceae. 


Primulaceac. 

if 

Crassulaceae. 

Convolvulaceac. 

Aquifoliaceae. 

Polemoniaceae. 

Oleaceae. 


Convolvulaceae. 

Cuscutaceae. 

Solan  ace  ae. 

Gentianaceae. 

Apocynaceae. 

Plantaginaceae. 

Plumbaginaceae. 


**  Ovary  superior.  Flowers  irregular. 

Ovary  four-lobed  ..... 

Ovary  entire. 

Fruit  nucamentaceous  .... 
Fruit  capsular. 

Capsule,  two-celled 

Leafy  ...... 

Brown  leafless  parasites 

Capsule,  one-celled,  with  a  free  central  placenta 


Lamiaceae. 

Verbenaceae. 


Scrophulariaceae. 

Orobanchaceae. 

Lentibulaceae. 


***  Ovary  inferior. 

Carpel  solitary. 

Anthers  syngenesious 
Anthers  free. 

Carpel  quite  solitary  . 

Carpel  with  two  additional  abortive  ones 
Carpels  more  than  one. 

Anthers  syngenesious  .  . 

Anthers  free. 

Anthers  opening  by  pores 
Anthers  opening  by  slits. 

Seeds  indefinite 
Seeds  definite. 

Leaves  whorled  .  .  * 

Leaves  opposite  .  . 


Asterales. 

Dipsaceae. 

Valerianaceae. 

Lobeliaceas. 

Vaccinaceae. 

Campanulaceae. 

Galiaceae. 

Caprifoliaceae. 
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CLASS  II. 

Stems  without  articulations. 

Fruit  single 
Fruit  in  cones 
Stems  articulated  . 


GYMNOSPERMS. 


Flowers  gynandrous 
Flowers  not  gynandrous. 
Stamens  3 
Stamens  6  . 

Stamens  more  than  6 


CLASS  III.  ENDOGENS. 

*  Flowers  complete/ 

§  Ovary  inferior. 


§§  Ovary  superior. 


Sepals  calycine  or  glumaceous. 

Carpels  consolidated  ..... 
Carpels  separate  .... 

Sepals  corolline. 

Carpels  separate. 

Anthers  turned  outwards  .  ... 

Anthers  turned  inwards  ... 

Carpels  consolidated  .  .  .  . 

**  Flowers  incomplete. 

Flowers  glumaceous. 

b.  Stems  hollow  ..... 

Stems  solid. 

Seed  erect  .  .  .  .  .  . 

Seed  pendulous  ..... 

Flowers  naked,  or  with  a  few  verticillate  scales,  on  a  spadix. 
Anthers  clavate  on  weak  filaments  .  .  . 

Anthers  sessile. 

Gemmation  convolute  ..... 
Gemmation  equitant  .  .  .  .  . 

Flowers  naked,  or  with  a  few  verticillate  scales,  not  on  a 
spadix. 

Floaters.  Ovules  pendulous  .  .  .  . 

Terrestrial.  Ovules  erect  .  .  .  . 

Floaters.  Ovules  erect  ..'... 


CLASS  IV.  RHIZANTHS. 

There  are  none  in  Great  Britain. 


CLASS  V.  ACROGENS. 

With  a  distinct  axis  of  growth  ;  leafy. 

Thecae  seated  on  the  leaves 
Thecae  axillary. 

Thecae  sessile,  two-valved 
Thecae  stalked  or  valveless. 

Thecae  valveless,  with  an  operculum  . 

Thecae  valvate,  with  an  operculum 
Thecae  valvate,  without  an  operculum 
With  a  distinct  axis  of  growth ;  leafless  .  . 

Without  a  distinct  axis  of  growth. 

Surface  with  stomates. 


Taxaceae. 

Pinaceae. 

Equisetaceae. 


Orchidaceae. 

Iridaceae. 

Amaryllidaceae. 

Hydrocharaceae. 


Juncaceae. 

Alismaceae. 


Melanthaceae. 

Butomaceae. 

Liliaceae. 


Graminaceae. 

Cyperaceae. 

Restiaceae. 

Typhaceae. 

Araceae. 

Acoraceao. 


Naiadaceae. 

Juncaginaceae. 

Pistiaceae. 


Filicales. 

Lycopodiaceae. 

Brvaceae. 

Andreaceae. 

J  ungermanniaceae. 
Characeae. 
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Thecae  valvate 
Thecae  valveless 
Surface  without  stomates. 
Aquatics 

Terrestrial  or  aerial. 

With  a  superficial  thallus 
Without  a  superficial  thallus 


Jungermanniaceae. 

Marchantiaceae. 

Algaceae. 

Lichenaceae. 

Fungaceae. 


Dichotomous  Analysis  of  the  Natural  Orders  comprehended  in  the  British 
Flora ;  according  to  the  method  of  Lamarck. 


1  Plants  with  distinct  and  visible  flowers 
Plants  without  flowers  .... 

2  Leaves  netted,  wood  in  concentric  layers 
Leaves  straight-veined.  Wood  not  in  concentric  layer 

3  Flowers  complete  ... 

Flowers  incomplete 

4  Corolla  polypetalous 

Corolla  monopetalous  .... 

5  Stamens  more  than  twenty 
Stamens  fewer  than  twenty 

6  Ovary  inferior  .... 

Ovary  superior  .... 

7  Leaves  with  stipules  .  . 

Leaves  without  stipules 

8  Leaves  with  stipules 
Leaves  without  stipules 

9  Carpels  more  or  less  distinct 

Carpels  consolidated  .  .  ... 

10  Calyx  imbricated  .... 

Calyx  valvate  .  .  .  .  . 

11  Stamens  monadelphous 

Stamens  distinct  .... 

12  Carpels  distinct,  more  or  less 
Carpels  consolidated 

13  Stamens  perigynous  .... 
Stamens  hypogynous 

14  Calyx  in  a  perfect  whorl 
Calyx  in  a  broken  whorl 

15  Placentas  parietal  .... 

Placentas  not  parietal  .  . 

16  Placentas  spread  over  the  dissepiments 

Placentas  in  the  axis  .  .  . 

17  Ovary  inferior  .  •  • 

Ovary  superior  .  - 

18  Placentas  parietal 
Placentas  in  the  axis 

19  Flowers  unisexual  .  .  • 

Flowers  hermaphrodite 


2 

126 

3 
109 

4 
53 

5 

82 

6 

17 

7 

8 

Pomeae. 

Nymphaeaceae. 

9 

12 

Rosaceae. 

10 

Cistaceae. 

11 

Malvaceae. 

Tiliaceao. 

13 

15 

Rosaceae. 

14 

Ranunculaceae. 

Hypericaceae. 

Papaveraceae. 

16 

Nymphaeaceae. 

Cistaceae. 

18 

.  23 

19 

20 

Cucurbifaceae. 

Grossulaceae. 
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20  Flowers  in  umbels 

Apiaceae. 

Flowers  not  in  umbels  .  . 

21 

21  Fruit  few-seeded  ..... 

Cornaceae. 

Fruit  many-seeded  .... 

22 

22  Fruit  two-celled  .... 

Saxifragaceao. 

Fruit  four-celled 

Onagraceae. 

23  Leaves  stipulate  .... 

24 

Leaves  exstipulale  .... 

34 

24  Carpels  distinct  .... 

25 

Carpels  combined  .... 

20 

25  Fruit  leguminous  .  .  .  * 

Fabaceae. 

Fruit  drupaceous  or  capsular 

Rosaceae. 

20  Placentas  parietal  .... 

27 

Placentas  in  the  axis  .... 

28 

27  Embryo  minute.  Leaves  circinate 

Droseraceae. 

Embryo  nearly  as  long  as  seed.  Leaves  straight . 

Yiolaceae. 

28  Styles  distinct  to  the  base  .  . 

29 

Styles  combined  .... 

31 

29  Calyx  broken  whorled 

Elatinaceae. 

Calyx  in  a  perfect  whorl  .... 

30 

30  Petals  minute  .... 

Illecebraceae. 

Petals  conspicuous  .... 

Saxifragaceae. 

31  Gynobasic  .... 

32 

Not  gynobasic  .... 

33 

32  Fruit  beaked  .... 

Geraniaceae. 

Fruit  not  beaked  .  .  .  . 

Oxalidaceae. 

33  Calyx  valvate  .... 

Rhamnaceae. 

Calyx  imbricated  .... 

Portulacaceae. 

34  Carpels  distinct  .... 

35 

Carpels  combined  .... 

37 

35  Carpels  each  with  an  hypogynous  scale 

Crassulaceae. 

Carpels  without  an  hypogynous  scale 

36 

36  Anthers  with  recurved  valves 

Berberaceae. 

Anthers  with  longitudinal  valves  . 

Ranunculaceao. 

37  Stamens  tetradynamous  .  . 

Brassicaceae. 

Stamens  not  tetradynamous 

38 

38  Placentae  parietal  .  . 

39 

Placentae  in  the  axis  . 

41 

39  Calyx  tubular  .  .  .  . 

Frankeniaceae. 

Calyx  polysepalous  .... 

40 

40  Albumen  large  .... 

Papaveraceae. 

Albumen  none  .... 

Resedaceae. 

41  Styles  distinct  to  the  base 

42 

Styles  more  or  less  combined 

46 

42  Calyx  in  a  broken  whorl 

43 

Calyx  in  a  perfect  whorl  .... 

44 

43  Stamens  polyadelphous 

.  Hypericaceac. 

Stamens  monadelphous,  or  free 

Linaceae. 

Q 
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44  Carpels  divaricating  at  the  apex 

Saxifragaceoe. 

Carpels  not  divaricating 

• 

• 

45 

45  Calyx  tubular 

. 

• 

Silenaceae. 

Calyx  many-leaved 

• 

Alsinaceac. 

46  Calyx  in  a  broken  whorl 

. 

. 

47 

Calyx  in  a  perfect  whorl  . 

47  Calyx  regular 

# 

Aceraceae 

Calyx  papilionaceous 

Polygalaceae. 

48  Anthers  opening  by  pores 

. 

Ericaceae. 

Anthers  opening  by  slits  . 

49 

49  Flowers  unisexual 

. 

Empetraceae. 

Flowers  hermaphrodite 

50 

50  Calyx  tubular 

. 

. 

Lythraceae. 

Calyx  many-leaved 

51 

51  Fruit  one-celled 

Tamaricaceae. 

Fruit  many-celled 

52 

52  Stamens  hypogynous 

. 

. 

Monofropaceae. 

Stamens  perigynous 

Celastraceae. 

53  Neither  calyx  nor  corolla 

54 

A  calyx  present 

• 

• 

58 

54  Fruit  in  cones 

54a 

Fruit  not  in  cones 

• 

•  • 

• 

54  b 

54aSexes  distinct 

Pinaceae. 

Sexes  imperfect  (doubtful) 

• 

• 

Equisetacese. 

54&Seeds  naked,  in  a  pulpy  cup 

Taxaceae. 

Seeds  in  a  capsule 

• 

• 

54c 

54cSeeds  tufted  with  hairs 

Salicaceae. 

Seeds  not  tufted  with  hairs  . 

• 

55 

55  Fruit  tricoccous  . 

-* 

Euphorbiaceae. 

Fruit  indehiscent 

• 

• 

56 

56  Floating  herbs 

Callitrichaceae. 

Woody  plants 

• 

57 

57  Fruit  berried 

Myricaceae. 

Fruit  a  key  (samara) 

• 

Oleaceae. 

58  Ovary  inferior 

59 

Ovary  superior 

• 

65 

59  Flowers  unisexual 

60 

Flow'ers  hermaphrodite 

• 

61 

60  Fruit  cupuliferous 

Corylaceae. 

Fruit  a  fleshy  pepo 

• 

Cucurbitacea;. 

61  Anthers  many-celled 

Loranthaceae. 

Anthers  two-ceiled 

• 

62 

62  Ovary  one-celled 

63 

Ovary  many-celled 

• 

Halorageae. 

63  Embryo  curved 

, 

Chenopodiaceae. 

Embryo  straight 

• 

64 

64  Albumen  none 

Halorageae. 

Albumen  lieshy 

• 

Santalaceae. 

65  Leaves  stipulate 

• 

66 

Leaves  exstipulate 

• 

• 

72 

BOTANY. 


211 


66  Flowers  hermaphrodite  . 
Flowers  unisexual 

67  Carpels  consolidated 
Carpels  solitary  or  separate 

68  Calyx  membranous 
Calyx  firm  and  herbaceous 

69  Styles  single 
Styles  triple 

70  Carpels  solitary  . 

Carpels  more  than  one 

71  Flowers  amentaceous 
Flowers  scattered 

72  Flowers  unisexual 
Flowers  hermaphrodite 

73  Carpels  consolidated 
Carpels  solitary  or  separate 

74  Carpels  two,  divaricating 
Carpels  not  divaricating  1 

75  Stamens  hypogynous 
Stamens  perigynous 

76  Fruit  one-celled  . 

Fruit  many-celled 

77  Carpels  several 
Carpels  solitary 

78  Calyx  herbaceous 

Calyx  with  a  hardened  tube 

79  Stipules  ochreate 
Stipules  none 

80  Ovule  pendulous  . 

Ovule  erect 

81  Leaves  lepidote  . 

Leaves  naked 

82  Ovary  superior  . 

Ovary  inferior 

83  Flowers  regular  . 

Flowers  irregular 

84  Ovary  four-lobed 
Ovary  undivided 

85  Carpels  more  than  four  . 
Carpels  three  or  fewer  . 

86  Anthers  opening  by  pores 
Anthers  opening  by  slits 

87  Herbaceous  plants 
Woody  plants 

88  A  free  central  placenta 
Fruit  two-celled  or  more 

89  Seeds  indefinite 

Seeds  definite  in  number 

90  Ovules  erect  .  . 

Ovules  pendulous  , 


.  67 

70 

.  Ulmaceae. 

68 

.  Illecebraceae. 

69 

.  Sanguisorbese. 

.  .  Polygonaceae. 

.  .  Urticacese. 

71 

.  Betulaceae. 

.  Euphorbiaceae. 

.  Euphorbiaceae. 

73 

74 

77 

Saxifragaceae. 

75 

Alsinaceae. 

76 

.  Primulaceae. 

.  Lythraceae. 

Ranunculaceae. 

78 

.  79 

.  .  Scleranthaceae. 

.  Polygon  aceae. 

80 

.  Thymelaceae.  ' 

.  .  81 

.  Elaeagnaceae. 

.  .  Chenopodiaceae. 

.  83 

.  .  102 

84 

.  .  98 

.  Boraginaceae. 

85 

86 
91 

.  87 

.  .  88 

.  Pyrolaceae. 

.  •  Ericaceae. 

.  Primulaceae. 

89 

.  Crassulaceae. 

.  .  90 

•  .  Convolvulaceae. 

^  •  .  Aquifoliaceae. 
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91  Flowers  diandrous 
Flowers  not  diandrous 

92  Fruit  one-celled  . 

Fruit  more  than  one-celled 

93  Style  single  .  .  . 

Styles  five  . 

94  Calyx  in  a  broken  whorl  . 

Calyx  in  a  perfect  whorl 

95  Corolla  imbricated  . 

Corolla  plaited 

96  Corolla  persistent 
Corolla  deciduous 

97  Leaves  opposite 
Leaves  subalternate  . 

98  Ovary  four-lobed 
Ovary  undivided 

99  Capsule  with  a  free  central  placenta 
Placentas  axile  or  parietal 

100  Brown  leafless  parasites  . 
i  Leafy  plants 

101  Fruit  indehiscent  .  . 

Fruit  dehiscent  ... 

102  But  one  perfect  carpel 

More  than  one  perfect  carpel  . 

103  Anthers  syngenesious 
Anthers  free 

104  Seeds  albuminous 

Seeds  exalbuminous  .  •  . 

105  Anthers  syngenesious 
Anthers  free 

106  Anthers  opening  by  pores 
Anthers  opening  by  slits ' 

107  Seeds  indefinite 
Seeds  definite 

108  Leaves  whorled  . 

Leaves  opposite 

109  Flowers  complete 
Flowers  incomplete  . 

110  Ovary  inferior 
Ovary  superior 

111  Flowers  gynandrous 
Flowers  not  gynandrous 

112  Anthers  turned  outwards 
Anthers  turned  inwards 

113  Stamens  6 

Stamens  more  than  6  .  . 

114  Sepals  calycine  or  glumaeeous 

Sepals  corolline  .  . 


Oleaceae. 

92 

93 
94. 

Plantaginaceae. 

Plumbaginaceae. 

5 

96 

Cuscufaceae. 

Convolvulaceac. 

Gentianaceae. 

97 

Apocynaceae. 

Solanaceae. 

Lamiaceae. 

99 

Lentibulaceae. 

100 

Orobanchaceae 

101 

Verbenacese. 

Scrophulariaceae. 

103 

105 

Asterales. 

104 

Dipsaceae. 

Valerianaceae. 

Lobeliaceae. 

106 

Vacciniaceae. 

107 

Campanulaceae. 

108 

Galiaceae. 

Caprifoliaceae. 

110 

118 

111 

114 

Orchidaceae. 

112 

Iridaceae. 

113 

Amaryllidaceae. 

Hydrocharaceae. 

115 

116 
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115  Carpels  consolidated 

Carpels  separate 

• 

Juncaceae. 

Alismaceae. 

116  Carpels  consolidated 

Carpels  separate 

Liliaceae. 

117 

1 17  Anthers  turned  outwards  . 

Anthers  lurned  inwards 

Melanthaceae. 

Butomaceae. 

118  Flowers  glumaceous 

Sepals  0,  or  verticillate  scales 

119 

121 

119  Embryo  external  to  the  albumen 
Embryo  enclosed  in  the  albumen 

Graminaceae. 

120 

120  Seed  erect 

Seed  pendulous 

Cyperaceae. 

Resliaceae. 

121  Leaves  equitant 

Leaves  not  equitant 

122 

123 

122  Anthers  on  long  clavate  filaments 
Anthers  sessile 

Typhaceae. 

Acoraceae. 

123  Flowers  in  a  spat  he 

Flowers  naked 

Araceae. 

124 

124  Terrestrial  plants 

Floating  plants 

Juncaginaceae 

125 

125  Ovules  pendulous 

Ovules  erect  . 

• 

Naiadaceae. 

Pistiaceae. 

126  With  a  distinct  stem 

Without  a  distinct  stem 

127 

132 

127  Leafless 

Leafy 

# 

. 

Characeae. 

128 

128  Thecae  seated  on  leaves  . 

Thecae  axillary 

• 

Filicales. 

129 

129  Thecae  valveless 

Thecae  valvate 

• 

Bryaceae. 

130 

130  Thecae  with  an  operculum 

Thecae  without  an  operculum  . 

• 

Andraeaceae. 

131 

131  Thecae  four-valved 

Thecae  two-valved 

• 

Jungermanniaceee. 

I.ycopodiaceae. 

132  Skin  with  stomates 

Skin  without  stomates 

• 

133 

134 

133  Thecae  valvate 

Thecae  valveless 

• 

J  nngermanniaceae. 
Marchantiaceae. 

134  Aquatics 

Algaceao. 

Terrestrial  or  aerial 

. 

• 

. 

135 

135  Thallus  if  any  membranous  and  cellular  . 
Thallus  if  any  filamentous 

Lichenaceae. 

Fungaceae. 
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Part  IV. — Descriptive  Botany. 


Chapter  I. 

Of  the  importance  of  Descriptions. 

Next  to  an  accurate  knowledge  of 
the  nature  of  plants,  of  the  uses  of  their 
different  parts,  and  of  the  manner  of 
classifying  them,  is  to  be  ranked  the 
power  of  placing  clearly  and  distinctly 
before  the  eye,  a  description  that  will 
enable  a  person  previously  unacquainted 
with  a  plant,  not  only  to  recognize  it 
when  he  meets  with  it,  but  without 
seeing  it  to  judge  correctly  of  its  exact 
nature,  qualities,  and  affinities.  No  one 
is  ever  likely  to  have  the  leisure  to  ex¬ 
amine  personally  all  the  plants  that  the 
world  contains,  but  all  must  trust  for 
the  knowledge  of  a  very  considerable 
part  of  them  to  the  descriptions  given 
by  others.  If  one  could  examine  all 
known  plants  for  one’s  self,  the  human 
mind  would  be  incapable  of  retaining 
any  distinct  recollection  of  them,  but 
would  necessarily  trust  to  descriptions 
made  at  the  time  of  examination.  If 
the  number  of  plants  to  be  studied  is 
comparatively  limited,  still  the  minute¬ 
ness  of  many  of  their  parts  is  such  as 
often  to  render  dissection  and  microsco¬ 
pical  investigation  indispensable :  these 
operations  are  tedious  and  difficult,  and 
it  would  be  exceedingly  inconvenient,  if  it 
were  necessary  to  go  into  a  new  investi¬ 
gation  of  the  structure  of  a  given  plant 
every  time  that  a  new  question  arose  as 
to  the  composition  of  its  minuter  parts : 
one  good  and  careful  description  obvi¬ 
ates  the  necessity  of  this,  for  it  can 
always  be  referred  to  and  consulted. 
Hence  the  great  importance  of  Botanical 
descriptions,  not  only  to  the  public  but 
to  Botanists  themselves,  for  their  pri¬ 
vate  use.  Nothing  can  in  fact  supply 
their  place  :  dried  specimens  carefully 
arranged  in  an  herbarium  are  the  best 
substitute :  but  they  are  rather  to  be 
looked  upon  as  evidence  in  aid  of  de¬ 
scriptions  than  as  a  means  of  supplying 
their  place ;  and  next  to  these  come 
drawings.  The  latter,  when  well  exe¬ 
cuted,  are  undoubtedly  most  valuable, 
and  to  a  certain  extent  supply  the  place 
of  descriptions  ;  but  it  requires  a  much 
longer  time  to  make  a  drawing  than  a 
description  ;  very  few  persons  know  how 
to  draw  correctly ,  and  still  fewer  are 
able  to  represent  with  the  pencil  with 


sufficient  fidelity,  wh?-t  a  description 
expresses  in  a  few  words. 

Technical  descriptions  are,  for  these 
reasons,  of  the  most  indispensable  neces¬ 
sity,  and  may  be  considered  the  very 
foundation  of  the  systematic  knowledge 
of  all  Botanists. 


Chapter  II. 

Of  popular  Descriptions. 

But  it  is  to  be  remarked  that  how¬ 
ever  valuable  descriptions  of  plants 
may  be  found  when  they  are  drawn  up 
correctly  and  according  to  the  exact 
rules  of  science,  yet  nothing  is  more 
perfectly  useless  than  those  which  are 
prepared  by  persons  ignorant  of  Botany ; 
they  are  like  the  drawings  of  plants 
made  by  mere  artists,  more  calculated 
to  mislead  than  to  instruct.  For  this 
reason,  what  are  often  called  popular 
descriptions  of  plants,  are  mere  misre¬ 
presentations,  and  either  carry  a  false 
idea  of  that  which  they  describe,  or  no 
idea  at  all.  They  may  be  well  enough 
suited  to  amuse  the  ear,  but  they  con¬ 
vey  no  distinct  impression  to  the  mind, 
even  if  they  are  tolerably  correct  as  far 
as  they  go ;  for  the  purposes  of  poetry, 
and  of  sketching  views  of  nature,  they 
may  be  well  enough  suited ;  but  they 
are  like  the  blotches  of  red  and  green, 
and  yellow',  put  in  to  a  picture  by  a 
painter:  the  moment  they  are  critically 
examined,  they  cease  to  produce  the 
effect  they  are  intended  for. 

Descriptions  to  be  of  any  real  use, 
must  be  drawn  up  with  great  care; 
every  part  of  a  plant  must  be  either 
spoken  of  specifically,  or  so  referred  to 
as  to  be  clearly  indicated;  the  terms 
that  are  used  must  be  employed  pre¬ 
cisely,  and  in  the  sense  of  Botanists ; 
and  there  must  be  no  misapplication  of 
terms,  no  mistaking  one  part  for  another. 
To  be  able  to  write  a  description,  a 
person  must  already  be  a  very  good 
Botanist ;  not  a  mere  fetch-and-carrier 
of  semibarbarous  names,  not  a  mere 
inventor  of  new  species,  not  a  compiler 
of  the  systematic  writings  of  other  per¬ 
sons  ;  but  thoroughly  acquainted  with 
the  anatomical  and  external  structure 
of  the  whole  vegetable  world,  exactly 
informed  upon  the  laws  of  organization, 
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aware  of  the  relation  that  one  part 
necessarily  bears  to  another,  ready  to 
remark  all  deviations  from  normal  con¬ 
formation,  and,  to  a  certain  extent,  in 
possession  of  the  general  nature  of  sys¬ 
tematical  arrangements ;  in  short,  he 
must  not  only  know  how  to  observe,  or 
how  to  describe,  but  how  to  estimate 
the  value  of  what  he  observes,  and  to 
correct  by  the  constant  application  of 
the  general  rules  and  principles  of  Bo¬ 
tanical  science  the  false  observations 
to  which  we  all  are  liable.  Unless  a 
man  feels  that  he  is  capable  of  doing  all 
this,  he  should  not  attempt  to  describe 
a  plant  Botanicaily ;  if  it  is  necessary 
that  he  should  make  descriptions,  the 
previous  remarks  will  inform  him  of  his 
deficiencies,  and  he  ought  to  qualify 
himself  for  the  task.  The  great  cause 
of  the  slow  advance  of  Botany  is  in  no 
inconsiderable  degree  to  be  ascribed  to 
the  incompleteness  or  inaccuracy  of 
Botanical  descriptions. 

As  the  only  satisfactory  mode  of  illus¬ 
trating  the  observations  now  made,  will 
be  to  quote  examples,  we  may  take,  as 
a  striking  instance  of  useless  descrip¬ 
tions  the  following  popular  account  of 
the  tree  that  yields  the  aromatic  bark 
called  Cassia,  in  the  island  of  Sumatra ; 
see  Marsden’s  History  of  that  island, 
3rd  edition,  p.  156. 

“(1.)  The  leaves  are  about  four 
inches  long,  narrower  than  the  bay  (to 
which  tribe  it  belongs),  and  more 
pointed  ;  deep  green  ;  smooth  surface, 
and  plain  edge.  (2.)  The  principal 
fibres  take  their  rise  from  the  peduncle. 
(3.)  The  young  leaves  are  mostly  of 
reddish  hue.  (4.)  The  blossoms  grow 
six  in  number,  upon  slender  footstalks, 
close  to  the  bottom  of  the  leaf.  (5.) 
They  are  monopetalous,  small,  white, 
stellated  in  six  points.  (6 )  The  sta¬ 
mina  are  six,  with  one  style,  growing 
from  the  germen,  which  stands  up  in 
three  brownish  segments,  resembling  a 
cup.  The  trees  grow  from  fifty  to  sixty 
feet  high,  with  large,  spreading,  hori¬ 
zontal  branches,  almost  as  low  as  the 
earth.” 

In  this  case,  which  we  take  in  prefer¬ 
ence,  as  having  been  published  by  a 
clever  man,  and  one  who  was  some¬ 
thing  of  a  naturalist,  there  is  not  a  par¬ 
ticle  of  information  that  a  Botanist 
could  make  use  of,  as  we  proceed  to 
shew  sentence  by  sentence. 

(1.)  Nothing  is  said  of  the  form  of 
the  leaves ;  we  are  merely  told  that  they 
are  narrower  than  those  of  the  bay ;  but 


they  might  be  narrower  and  yet  very 
differently  formed :  not  a  word  is  men¬ 
tioned  concerning  the  arrangement  of 
the  veins,  nor  is  the  position  of  the 
leaves  upon  the  stem  described.  It  is 
said  indeed  that  the  plant  belongs  to 
the  same  tribe  as  the  bay  (namely 
Lauraceae),  and  this  would  no  doubt 
imply  that  the  leaves  are  alternate;  but 
then  a  little  further  on  (sentence  5),  the 
affinity  of  the  plant  to  the  bay  is  con¬ 
tradicted,  by  the  flowers  being  called 
monopetalous. 

(2.)  It  is  impossible  to  understand 
the  meaning  of  this  sentence.  What 
fibres  are  meant?  Strong  lateral  veins 
in  the  leaf  resembling  the  midrib?  But 
this  can  hardly  be :  first,  because  the 
sentence,  by  the  punctuation,  is  cut  off 
from  what  relates  to  the  leaf ;  and, 
secondly,  because  the  fibres  spoken  of 
are  referred  to  the  peduncle,  that  is  to 
say,  to  the  flower  stalk.  A  good  Bota¬ 
nist  might  guess  at  the  meaning  of  the 
passage,  but  it  could  only  be  a  guess, 
and  after  all  might  be  wrong. 

(3.)  This  is  unimportant. 

(4.)  Vague  and  unsatisfactory.  We 
are  told  that  the  flowers  grow  close  to 
the  bottom  of  the  leaf;  not  at  the 
bottom,  but  close  to  it ;  Do  they  spring 
then  from  the  lower  part  of  the  petiole, 
or  from  the  stem  above  the  axilla  ?  Are 
they  single,  or  do  they  grow  upon  the 
ramifications  of  a  panicle,  cyme,  corymb, 
or  raceme  ? 

(5.)  If  the  plant  belongs,  as  stated,  to 
the  bay  tribe,  the  flowers  cannot  be 
monopetalous.  If  they  really  are  mo¬ 
nopetalous,  where  is  the  calyx,  and 
what  is  its  nature  ? 

(6.)  The  style  is  said  to  grow  from 
the  germen.  From  what  other  part 
could  it  grow  ?  The  germen  is  said  to 
stand  up  in  three  brownish  segments, 
resembling  a  cup:  if  so,  the  plant  can 
have  nothing  to  do  with  the  bay  tribe. 
The  position  of  the  stamens,  the  nature 
of  their  dehiscence,  and  their  origin, 
are  all  omitted. 

Such  are  the  observations  that  sug¬ 
gest  themselves  to  the  Botanist,  in 
merely  reading  over  this  description ; 
and  they  are  amply  sufficient  to  show 
how  useless  it  is.  But  collateral  evi¬ 
dence  tells  us  that  what  Marsden  in¬ 
tended  to  describe,  was  the  plant  called 
Cinnamomum  nitidum ;  and  that  fact 
being  ascertained,  the  following  has  to 
be  added  to  the  criticism  upon  the  de¬ 
scription.  The  calyx  is  called  corolla 
(5) ;  the  stamens  are  9,  not  6  (6) ;  the 
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name  of  germen  is  applied  (6)  to  three 
steril  stamens,  and  the  germen  itself, 
that  is  to  say  the  ovary,  is  overlooked  ! 

Chapter  III. 

Of  careless  Descriptions. 

If  such  descriptions  as  that  just 
mentioned,  are  scientifically  useless, 
how  much  worse  must  those  be  which 
proceed  from  professed  Botanists,  in 
whose  supposed  knowledge  and  tech¬ 
nical  skill,  one  would  think  that  con¬ 
fidence  may  be  reposed !  In  the  works 
of  many  of  the  disciples  of  Linnaeus,  the 
descriptions  of  plants  are  so  meagre, 
inaccurate,  and  unsatisfactory,  that  to 
this  day  they  would  remain  mere  Bota¬ 
nical  enigmas,  if  the  meaning  of  the 
authors  had  not  been  determined  by 
other  evidence  than  what  they  them¬ 
selves  afford.  Pre  -  eminent  among 
such  Botanists,  stands  Thumberg,  from 
whose  Flora  Japonica  we  extract  the 
following  description  of  the  fructifica¬ 
tion  of  a  new  genus  he  calls  Nigrina: 

“  Calyx  none,  except  a  one-leaved 
bract.  Corolla  of  four  petals.  Fila¬ 
ments  four,  very  short ;  anthers  globose, 
white.  Germen superior ;  style  single; 
stigma  ....  Fruit  unknown  ;  perhaps  a 
capsule." 

This  is  all  the  information  given  con¬ 
cerning  the  fructification  of  a  plant 
which  the  author  considered  unde¬ 
scribed,  and  of  which  he  saw  fresh 
specimens.  Supposing  the  description 
to  be  accurate  as  far  as  it  goes,  it  ex¬ 
cludes  every  one  of  the  points  which  it 
is  most,  essential  to  be  acquainted  with  ; 
the  origin  of  the  stamens,  the  dehis¬ 
cence  of  the  anthers,  and  their  sestiva- 
tion  ;  the  relation  of  the  stamens  to  the 
petals,  the  internal  structure  of  the 
ovary,  the  number  and  adhesion  of  the 
ovules,  all  essential  points  for  conside¬ 
ration, — and  the  more  indispensable  be¬ 
cause  of  the  absence  of  the  fruit  of  the 
plant, — are  passed  by  in  silence.  But  as 
if  to  compensate  for  the  omission  of 
what  it  was  necessary  to  state,  irrele¬ 
vant  matter  is  introduced  into  this 
description,  brief  as  it.  is.  The  bract  is 
called  one-leaved  :  if  the  plant  had  a 
bract,  it  could  be  no  more  than  one¬ 
leaved  ;  if  the  reverse,  then  it  would  no 
longer  be  a  bract.  The  anthers  are  said 
to  be  white,  but  their  colour  is  of  no 
importance.  But  what  is  most  extra¬ 
ordinary,  the  description  is  altoge¬ 
ther  false.  The  flowers  have  neither 


calyx  nor  corolla;  the  filaments  are 
three,  not  four,  and  ihe  anthers  are  not 
globose,  but  irregular,  ovate,  fleshy 
bodies. 


Chapter  IV. 

Of  technical  Descriptions. 

The  observations  now  made  upon 
faulty  descriptions,  will  have  given  the 
reader  some  idea  of  the  manner1  in 
which  plants  ought  not  to  be  described. 
We  now  proceed  to  explain  how  they 
should  be  described  for  practical  pur¬ 
poses.  In  the  first  place,  every  point  of 
structure  of  any  importance  should  be 
introduced  ;  what  is  important  or  not 
can  never  be  reduced  to  any  fixed  stand¬ 
ard,  but  varies  according  to  the  nature 
of  the  plant  in  question,  and  has  in  all 
cases  to  be  determined  by  the  Botanist 
himself.  All  technical  terms  should  be 
used  in  their  exact  sense,  if  used  at  all ; 
and  nothing  should  be  overlooked  that 
can  in  any  way  tend  to  elucidate  struc¬ 
ture.  It  is  not  however  necessary  to 
be  excessively  minute,  unless  in  the 
case  of  plants  that  are  not  only  quite 
unknown,  but  whose  natural  affinity  is 
also  uncertain.  When  such  a  plant  is 
to  be  described,  every  part  of  the  orga¬ 
nization,  microscopic  or  obvious,  should 
be  included,  and  nothing  should  be 
taken  for  granted  as  unimportant.  But 
as  cases  of  this  kind  are  hardly  likely 
to  come  within  the  experience  of  those 
who  use  such  a  treatise  as  this,  it  is  un¬ 
necessary  to  go  info  such  details.  It 
will  be  sufficient  to  confine  attention  to 
common  instances. 

Another  essential  circumstance  to  at¬ 
tend  to  is,  always  to  describe  the  parts 
of  a  plant  in  the  following  order.  1. 
Root.  2.  Stem.  3.  Leaves,  and  sti¬ 
pules,  if  any.  4.  Inflorescence.  5. 
Bracts,  if  any.  6.  Calyx.  7.  Corolla. 
8.  Stamens;  distinguishing  filaments 
and  anthers.  9.  Ovary  and  ovules ; 
style;  stigma.  10.  Fruit.  11.  Seed. 
By  paying  attention  to  this,  one  always 
knows  in  what  part  of  a  description  to 
look  for  information  concerning  a  par¬ 
ticular  organ  ;  whereas  if  the  different 
parts  were  spoken  of  in  a  confused 
manner,  one  would  never  be  certain 
whether  an  organ  was  described  or  not, 
without  reading  through  the  whole  de¬ 
scription. 

Keeping  in  view  such  rules  as  these, 
a  Botanist  may  make  his  descriptions 
in  two  ways,  either  in  a  diffuse  and 
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readable,  or  in  a  terse  and  technical 
manner.  To  the  former  there  is  no  ob¬ 
jection,  where  space  is  unimportant,  or 
where  Ihe  description  is  to  be  read  by 
persons  who  would  be  repelled  by  the 
stiffness  and  formality  of  technical 
phraseology;  the  latter  would,  under 
such  circumstances,  be  misplaced ;  but 
it  is  nevertheless  that  which  must  be 
generally  employed,  as  may  be  proved 
in  the  following  manner : 

Let  the  following  be  the  Botanical 
description  of  a  Wild  Heart'sease  (Viola 
tricolor),  drawn  up  in  a  popular  read¬ 
able  way. 

The  root  of  this  plant  consists  of 
a  great  number  of  unequal  irregular 
fibres.  The  stems  first  fall  prostrate, 
and  then  rise  up,  and  are  perfectly 
smooth  all  over  the  surface  ;  their  form 
is  square,  their  interior  is  hollow,  and 
at  every  place  where  the  leaves  are  set 
on,  they  are  a  little  tumid.  The  leaves 
grow  upon  opposite  sides  of  the  stem  at 
tqjerably  equal  distances,  one  above  the 
other;  they  have  a  form  between  ovate 
and  oblong,  have  a  distinct  leaf  stalk, 
and  are  coarsely  cut  at  their  edges  in  a 
serrated  manner;  they  are  quite  desti¬ 
tute  of  hairiness,  and  are  longer  than 
the  stipules  which  grow  at.  their  base. 
The  stipules  in  colour  and  texture  re¬ 
semble  the  leaves;  they  are  cut  almost 
to  the  middle  into  a  number  of  narrow 
lobes,  of  which  the  terminal  one  is  much 
the  largest;  at  the  base  they  are  pro¬ 
longed  more  on  one  side  than  another, 
in  a  hastate  manner.  The  beautiful 
little  flowers  grow  singly  from  the 
stem,  at  the  places  where  it  joins  the 
leaves,  and  they  have  a  nodding  posi¬ 
tion  on  their  peduncle  ;  the  latter  has  a 
smooth  surface,  is  distinctly  angular, 
curves  inwards  at  the  upper  end,  and 
has  a  twist  somewhere  near  its  middle. 
At  the  upper  end  of  the  peduncle  grow 
two  small  bractlets,  resembling  fine 
scales,  prolonged  at  the  base  into  some¬ 
thing  of  a  hastate  figure.  The  calyx  of 
this  plant  consists  of  five  distinct 
sepals,  having  the  same  colour  and 
texture  as  the  leaves  ;  they  are  of  a 
narrow  ovate  form,  sharp-pointed,  quite 
free  from  hairs,  not  in  any  way  lobed  or 
divided,  and  extended  below  the  point 
of  origin  into  a  flat  rounded  appendage, 
which  is  divided  by  small  toothings  at 
the  edge :  of  the  sepals,  those  which 
stand  next  the  front  of  the  flower  are 
much  the  largest.  The  corolla  consists 
of  five  petals,  which  are  of  unequal  size, 
oblong,  with  a  little  stalk  at  the  base, 


and  rounded  at  the  upper  end  ;  the  two 
uppermost  are  larger  than  the  rest,  of 
one  uniform  purple  colour,  while  the 
three  lower  are  yellow,  with  purple 
lines  at  the  base,  and  furnished  with  a 
little  tuft  of  hair  at  the  bottom  of  the 
streaks  ;  the  intermediate  one  of  these 
petals  is  furnished  with  a  short  straight 
spur  at  the  base.  The  stamens  are  five 
in  number,  inserted  into  the  line  be¬ 
tween  the  base  of  the  ovary  and  the 
sepals,  not  so  long  as  the  claws  of  the 
petals,  and  of  unequal  size ;  the  anthers 
have  no  filaments,  are  of  a  membranous 
texture,  are  fringed  with  white  hairs  at 
the  edge,  and  are  extended  into  a  broad 
brown  membranous  appendage  at  the 
point;  those  two  stamens  which  stand 
in  front  of  the  flower  are  longer  than 
the  others,  and  protrude  from  their  base 
on  one  side  a  green  slender  thread¬ 
shaped  process,  which  is  introduced 
into  the  spur  of  the  front  petal  of  the 
corolla.  The  ovary  has  no  adhesion  to 
the  sepals,  is  of  a  spheroidal  form,  and 
contains  one  single  cell  ;  on  its  inside, 
the  ovules,  which  are  very  numerous, 
grow  to  thrice  broad  lines  running  from 
the  apex  to  the  base  of  the  cavity  at 
equal  distances;  the  ovary  is  termi¬ 
nated  by  a  style,  smooth,  thickest  at  the 
upper  end,  bent  like  the  letter  S,  and 
bearina:  at  the  point  a  round  hollow  stig¬ 
ma,  through  one  side  of  which  there  is 
an  opening  into  the  inferior.  The  ovary, 
when  ripe,  changes  to  a  seed  vessel  of 
a  dry,  cartilaginous  consistence,  con¬ 
taining  one  cell,  and  dividing  into  three 
equal  spreading  ovate-lanceolate  valves 
between  the  broad  lines  on  which  the 
seeds  are  inserted,  so  that  when  the 
valves  are  spread  open,  the  seeds  are 
seen  sticking  to  the  middle.  The  seeds 
are  small,  shining,  oblong  bodies,  rather 
narrow  at  the  lower  end,  and  of  a 
pale  brown  colour;  the  point  of  attach¬ 
ment  to  the  placenta  is  thickened  in  a 
fungus-like  manner;  from  this  part 
there  rises  a  fine  elevated  line,  which 
terminates  in  a  depressed  discoloured 
round  spot,  stationed  at  the  top  of  the 
seed.  In  the  interior  is  found  an 
embryo  of  a  deep  green  colour,  quite 
straight,  and  having  a  taper  radicle, 
with  thin  flattened  cotyledons  a  little 
rounded  at  the  back.  Surrounding  the 
embryo  is  found  a  quantity  of  fleshy 
brittle  albumen,  in  the  very  axis  of 
which  the  embryo  is  placed. 

There  is  nothing  in  this  to  which 
a  Botanist  could  object,  except  that 
certain  points  are  omitted,  such  as  the 
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aestivation  of  the  calyx  and  corolla, 
the  dehiscence  of  the  anthers,  the  form 
of  the  pollen,  and  some  other  matters 
of  a  similar  kind.  But  it  is  also  obvious 
that  if  all  the  100,000  plants  supposed 
to  be  known  were  to  be  described  in 
this  manner,  and  at  this  length,  the 
mere  descriptions  alone  would  occupy 
200  volumes  like  the  present,  of  600 
pages  each.  It  is  therefore  indispen¬ 
sable  that  such  descriptions  should  be 
shortened:  and  it  will  be  seen  by  the 
following  specimen,  that  the  very  same 
facts,  before  occupying  106  lines,  may 
be  stated  in  43  lines,  by  the  mere  omis¬ 
sion  of  verbs,  articles,  superfluous 
words,  and  rendering  it  rather  more 
technical. 

Root  fibrous.  Stems  decumbent, 
smooth,  square,  fistular,  slightly  tumid 
at  the  nodes.  Leaves  alternate,  ovate- 
oblong,  petiolate,  coarsely  serrated, 
smooth,  longer  than  the  stipules  ;  sti¬ 
pules  leafy,  pinnatifid,  half-hastate ; 
terminal  lobe  much  the  largest.  Flowers 
solitary,  axillary,  nodding ;  peduncles 
smooth,  angular,  twisted,  incurved  at 
apex.  Bractlets  two,  minute,  membra¬ 
nous,  sub-hastate  near  the  apex  of  the 
peduncle.  Sepals  five,  herbaceous, 
linear-ovate,  acute,  smooth,  entire  at 
the  base,  prolonged  into  a  concave, 
rounded,  tooth-letted  appendage;  the 
anterior  much  the  largest.  Petals  five, 
unequal,  oblong,  unguiculate,  rounded 
at  the  apex;  the  two  upper  largest, 
whole  coloured,  purple ;  the  three  lowest 
yellow  with  purple  streaks,  and  bearded 
at  base;  that  in  the  middle  having 
a  short  straight  spur  at  the  base. 
Stamens  five,  hypogynous,  shorter  than 
the  ungues,  alternate  with  the  petals, 
unequal ;  anthers  sessile,  membranous, 
ciliated,  with  a  broad  brown  membrane 
at  apex  ;  the  two  anterior  the  largest, 
spurred ;  their  spurs  green,  subulate, 
lying  in  the  spur  of  the  corolla.  Ovary 
superior,  round,  one-celled,  with  three 
parietal  polyspermous  placentae ;  style 
smooth,  sigmoid,  clavate,  as  long  as  the 
ovary ;  stigma  capitate,  hollow,  with  an 
oblique  foramen  on  one  side.  Capsule 
one-celled,  three-valved,  with  a  loculi- 
cidal  dehiscence;  valves  ovate-lanceo¬ 
late,  spreading,  seminiferous  in  the 
middle.  Seeds  shining,  roundish, 
smooth,  pale  brown  ;  hilum  fungous  ; 
raphe  elevated  ;  chalaza  depressed  on 
the  apex.  Embryo  straight,  green,  in 
the  axis  of  fleshy  albumen ;  radicle 
terete ;  cotyledons  plano-convex. 

This  last  description  does  not  in  fact 


then  occupy  more  than  3-8ths  as  much 
space  as  the  first,  and  yet  it  compre¬ 
hends  every  one  of  the  facts  included 
in  the  first. 

But  even  the  admission  of  descrip¬ 
tions  cut  down  like  the  last,  would 
render  books  infinitely  too  bulky ;  and 
therefore  by  the  introduction  of  generic 
and  specific  characters,  they  are  still 
further  shortened. 

Chapter  V. 

Of  Generic  and  Specific  Characters. 

It  has  already  been  explained  that  a 
genus  is  a  collection  of  species  agreeing 
with  each  other  in  certain  common 
features;  see  p.  139.  In  reducing  de¬ 
scriptions  like  the  last,  the  whole  of 
those  common  features  are  separated 
as  a  generic  character,  and  given  once 
only  at  the  beginning  of  the  descrip¬ 
tions  of  the  species,  and  from  the  de¬ 
scriptions  of  the  species  all  such  com¬ 
mon  features  are  omitted.  Thus  to 
pursue  the  illustration  with  this  same 
Viola  tricolor,  the  following  is  abstracted 
to  form  the  generic  character  of 

Vioj.a. 

Leaves  alternate.  Flowers  solitary', 
axillary.  Sepals  five,  herbaceous,  pro¬ 
longed  at  the  base  into  an  appendage, 
the  anterior  much  the  largest.  Petals 
five,  unequal,  unguiculate ;  the  two 
upper  largest ;  the  lowest  one  spurred 
at  the  base.  Stamens  five,  hypogy¬ 
nous,  shorter  than  the  ungues,  alter¬ 
nate  with  the  petals,  unequal ;  anthers 
sessile,  with  a  broad  membrane  at 
the  apex;  the  two  anterior  the  largest, 
spurred;  their  spurs  lying  in  the  spur 
of  the  corolla.  Ovary  superior,  one- 
celled,  with  three  parietal  polysper¬ 
mous  placentae;  style  sigmoid,  cla¬ 
vate;  stigma  capitate,  hollow,  with  an 
oblique  foramen  on  one  side.  Capsule 
one-celled,  three-valved,  with  a  loculi- 
cidal  dehiscence ;  valves  seminiferous 
in  the  middle.  Seeds  roundish  ;  hilum 
fungous  ;  raphe  elevated  ;  chalaza  de¬ 
pressed  on  the  apex.  Embryo  straight, 
green,  in  the  axis  of  fleshy  albumen ; 
radicle  terete ;  cotyledons  plano-convex. 

All  the  foregoing  being  abstracted 
for  a  generic  character,  then  the  follow¬ 
ing  would  be  all  that  would  be  neces¬ 
sary  as  a  description  of 

Viola  tricolor. 

Root  fibrous.  Stems  decumbent, 
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smooth,  square,  fistular,  slightly  tumid 
at  the  nodes.  Leaves  ovate,  oblong, 
petiolate,  coarsely  serrated,  smooth, 
longer  than  the  stipules ;  stipules  leafy, 
pinnatifid,  half-hastate ;  terminal  lobe 
much  the  largest.  Flowers  nodding, 
peduncles  smooth,  angular,  twisted,  in¬ 
curved  at  apex.  Bractlets  2,  minute, 
membranous,  sub-hastate,  near  the  apex 
of  the  peduncle.  Sepals  linear,  ovate, 
acute,  smooth,  entire ;  appendage  con¬ 
cave,  rounded,  toot-hletted.  Petals 
oblong,  rounded  at  the  apex,  the  two 
upper  whole  coloured  purple,  the  three 
lowest  yellow,  with  purple  streaks,  and 
bearded  at  the  base.  Anthers  ciliated  ; 
the  spurs  green,  and  subulate.  Ovary 
round ;  style  smooth.  Seeds  shining, 
smooth,  pale  brown. 

This  last  process  of  reduction  has 
brought  the  description  of  Viola  tricolor 
from  106  to  20  lines  in  length,  without 
the  omission,  in  fact,  of  a  single  cha¬ 
racter.  Further  than  this  it  cannot  be 
reduced,  if  to  remain  a  description. 

But  as  the  number  of  species  known 
to  Botanists  is  exceedingly  great,  even 
such  descriptions  as  the  last  are  found 
too  extensive  to  be  employed  in  all  cases ; 
the  older  Botanists,  therefore,  contrived 
what  they  called  differential  or  fac¬ 
titious  characters,  to  stand  in  lieu  of 
descriptions.  In  contrasting  a  number 
of  species  of  the  same  genus,  it  is  ob¬ 
vious  that  if  no  other  points  are  to  be 
adverted  to  than  such  as  will  distin¬ 
guish  them  from  each  other,  the  words 
required  to  distinguish  such  species 
may  be  extremely  few,  and  that  a  de¬ 
scription  may  thus  be  conveniently  ex¬ 
changed  for  a  jnere  differential  expres¬ 
sion  ;  it  cannot,  however,  be  altered 
into  one ;  for  it  no  longer  remains  a 
description,  but  a  certain  form  is  sub¬ 
stituted  for  it.  In  order  to  prevent  these 
specific  characters  ever  extending  into 
descriptions,  Linnaeus  proposed  that  they 
should  in  no  case  exceed  the  extent  of 
twelve  Latin  words ;  and  he  rarely,  if 
ever,  deviated  from  that  standard. 

Take,  for  instance,  his  specific  cha¬ 
racters  in  the  genus  Drosera : 

1.  D.  rotundifoiia.  Scapes  from 
the  root.  Leaves  orbicular. 

2.  D.  longifolia.  Scapes  from  the 
root.  Leaves  oblong. 

3.  D.  capensis.  Scapes  from  the 
root.  Leaves  lanceolate. 

4.  D.  lusitanica.  Scapes  from  the 
root.  Leaves  subulate,  convex  beneath. 

5.  D.  cistiflora.  Stem  simple,  leafy. 
Leaves  lanceolate. 


6.  D.  indica.  Stem  branched,  leafy. 
Leaves  linear. 

By  these  few  words  some  of  the  prin¬ 
cipal  differences  between  the  six  Dro- 
seras  known  to  Linnaeus  are  plainly 
expressed  ;  but  it  is  obvious  that  they 
are  not  to  be  confounded  with  de¬ 
scriptions. 

The  plan  of  specific  characters  de¬ 
vised  by  Linnaeus  has  been  adopted 
down  to  the  present  day;  but  it  is  much 
to  be  doubted  whether  they  have  not 
been  disadvantageous  to  Botany,  rather 
than  the  contrary.  If,  indeed,  a  sys¬ 
tematic  writer  could  say  that  he  is  dis¬ 
tinctly  acquainted  with  every  species  in 
the  world  of  a  given  genus,  then  such 
differential  characters  would  doubtless 
be  invaluable,  as  they  would  help  ano¬ 
ther  person  to  arrive  rapidly  at  a  defi¬ 
nite  conclusion  concerning  any  plant  he 
might  have  for  examination.  But  this 
is  not  the  case  ;  and  therefore  the 
differential  characters  only  lead  to  error 
and  misapprehension.  For  instance, 
Linnseus  assigns  to  Drosera  rotundifoiia 
the  character  of  “  scapes  from  the  root,” 
and  “  leaves  orbicular  and  this  would 
be  a  useful  character  of  the  species,  if 
those  characters  existed  nowhere  else. 
But  we  now  know  that  D.  uniflora, 
pygmeea,  and  rotundifoiia  all  agree  in 
this  character ;  and  consequently  it 
is  impossible  to  tell  which  of  the  three 
Linnseus  meant,  if  we  judge  only  from 
his  specific  character.  And  if  we  alter 
the  phraseology  so  as  to  distinguish 
these  three  species  from  each  other  to¬ 
day,  to-morrow  may  bring  us  acquainted 
with  other  species,  which  will  in  like 
manner  render  the  newly  altered  dif¬ 
ferential  character  nugatory. 

For  these  reasons  the  specific  cha¬ 
racters  of  Linnaeus  have  given  rise  to 
endless  confusion  and  doubt,  and  will 
continue  to  do  so  as  long  as  they  are 
employed,  unless  they  are  accompanied 
by  longer  descriptions.  The  present 
practice  seems  to  be  to  employ  short  de¬ 
scriptions,  or  essential  characters,  in  lieu 
of  differential  characters  ;  and  this  upon 
the  whole  may  be  considered  better. 

Chapter  VI. 

Of  Essential  and  Natural  Characters. 

We  shall  conclude  this  part  of  our 
subject  with  some  observations  upon 
the  distinction  between  descriptions  of 
the  essential  and  natural  characters  of 
plants. 

An  essential  character  is  a  descrip- 
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tion  of  all  those  points  which  the  ob¬ 
server  supposes  to  be  most  important, 
not  only  in  distinguishing  it  from  all 
other  known  plants,  but  from  such  as 
his  information  concerning  allied  spe¬ 
cies  induces  him  to  anticipate  the  dis¬ 
covery  of.  If  applied  to  a  species,  it 
omits  all  notice  of  varieties  of  an  acci¬ 
dental  and  fugitive  nature,  and  is  con¬ 
structed  only  with  reference  to  general, 
and  not  particular  circumstances.  If 
applied  to  a  natural  order,  it  neglects 
variations  from  the  typical  structure, 
and  confines  itself  to  the  normal  organi¬ 
zation,  or  what,  the  describer  considers 
to  be  so,  stating  that  in  brief  terms.  In 
short,  it  is,  when  applied  to  genera  and 
species,  what  modern  Botanists  call  a 
generic  or  specific  character,  and  is  the 
usual  description  given  of  a  natural  order 
in  general  works.  Linnaeus  rightly  con¬ 
sidered  it  to  be  of  great  value,  but  ex¬ 
tremely  difficult  to  draw  up.  It  is  some¬ 
times  called  a  Diagnosis. 

A  Natural  character,  on  the  other 
hand,  is  a  complete  description  of  the 
organization  of  a  given  species,  genus, 
or  order,  including  an  account  of  every 
part,  and  comprehending  every  devia¬ 
tion  from  normal  structure,  whether  ha¬ 
bitual  or  accidental.  It  can  only  be 
drawn  up  at  great  length,  and  from  its 
length  is  only  suited  to  monographs. 
It  is,  however,  if  well  drawn  up,  of  the 
greatest  consequence.  Linnaeus,  who 
however  did  not  understand  it  in  the 
modern  sense,  says,  “  basis  est  omnium 
systematum,  generum  infallibilis  custos, 
omnique  systemati  possibili  et  uno  ap- 
plicabilis.”  And  again,  “  If  the  Natural 
characters  of  all  genera  had  been  de¬ 
tected,  the  knowledge  of  plants  would 
be  very  easy  ;  and  it  is  only  to  their  own 
loss  that  many  Botanists  undervalue 
them.  But  they  ought  to  know  that  no 
one  can  be  a  sound  Botanist  without  an 
acquaintance  with  natural  characters; 
for  a  Botanist  must,  in  the  absence  of 
Natural  characters,  be  in  continual  un¬ 
certainty  as  often  as  new  genera  are 
detected.  He  who  fancies  he  is  ac¬ 
quainted  with  Botany  by  the  use  of 
mere  Essential  characters,  neglecting 
the  natural  ones,  only  deceives  others 
as  well  as  himself ;  for  all  Essential  cha¬ 
racters  must  become  fallacious  as  fast 
as  new  genera  are  discovered.  Natural 
characters  are  the  very  foundation  of 
genera,  which  it  is  impossible  to  under¬ 
stand  without  them  ;  and  therefore  they 
are,  and  always  will  be,  the  foundation 
pf  all  knowledge  of  plants." 


Although  Linnaeus  did  not,  as  has 
already  been  observed,  apply  the  word 
Natural  character  in  its  modern  sense, 
yet  Ihese  declarations  of  that  distin¬ 
guished  man  are  quite  applicable  to 
such  descriptions  as  are  here  alluded  to. 
The  following  descriptions  of  the  im¬ 
portant  natural  order  Compositae,  or 
of  what  we  have  called  the  Group  As- 
terales  (p.  182),  will  illustrate  the  sub¬ 
ject  of  this  discussion,  and  conclude 
what  it  appears  necessary  to  introduce 
in  this  place  from  the  subject  of  De¬ 
scriptions. 

Asterales  or  Composite. 

Essential  Character. 

Corolla  monopetalous.  Stamens  syn- 
genesious.  Ovary  inferior,  one-celled  ; 
ovule  erect.  Seed  without  albumen. 

That  is  tosay,  all  plants  agreeing  w'ilh 
this  description  in  all  its  parts,  belong 
to  Asterales. 

Natural  Character. 

Vegetation.  Herbs,  usually  perennial, 
or  shrubs,  or  more  rarely  (principally  in 
insular  situations),  trees,  occurring  all 
over  the  world,  and  forming  about  a  tenth 
part  of  the  whole  vegetable  kingdom. 
Leaves  alternate  or  opposite,  extremely 
variable  in  form.lobing,  or  aspect,  always 
simple,  never  compound.  Stem  (when 
simple)  or  branches  terminated  by  a 
head  or  glomerule.  Branches  generally 
corymbose,  those  in  the  middle  the  ear¬ 
liest.  Leaves  stationed  below  the  heads 
oi-  glomerules  usually  different  from  the 
rest,  and  called  floral  or  bracteal, 
changed  into  scales  sometimes  gradu¬ 
ally,  sometimes  abruptly,  and  then  much 
larger  than  the  scales.  Corollas  now 
x  ant  hie,  now  cyanic  in  the  same  head, 
either  homochromous  or  one-coloured, 
or  heterochromous  or  two-coloured ; 
when  two-coloured  the  ligulate  always 
cyanic  and  the  tubular  xanthic;  even 
when  the  xanthic  tubular  corollas  be¬ 
come  ligulate  owing  to  any  monstrosity, 
they  also  become  cyanic  !  Proper  juice 
variable,  sometimes  milky.  Taste  usu¬ 
ally  bitter,  astringent,  and  aromatic. 

Inflorescence. — Flowers  collected  into 
a  head  or  glomerule.  Heads  consisting 
of  several  florets  upon  a  receptacle  or 
end  of  a  branch,  whether  flat,  or  coni¬ 
cal,  or  lengthened  ;  the  exterior  or  outer 
earliest  ;  the  interior  by  degrees  later. 
Flowers  either  all  hermaphrodite,  and 
then  the  heads  homogamous ;  or  the 
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exterior  neuter  or  female,  the  inner  her¬ 
maphrodite,  or  male,  and  the  heads  then 
heterogamous  ;  or  all  in  the  same  plant, 
either  male  or  female,  and  then  the 
heads  either  monoecious,  that  is,  both 
male  and  female,  or  heterocephalous, 
that  is,  some  male  some  female,  or  dioe¬ 
cious;  that  is,  all  males  or  females 
upon  the  same  plant.  Heads  either 
with  all  the  corollas  tubular,  and  then 
called  discoidal,  or  lioscular ;  or  with 
all  the  corollas  ligulate,  and  then  called 
ligulate,  or  formerly,  semitloscular ;  or 
with  the  corollas  of  the  margin  or  ray 
ligulate,  of  the  centre  or  disk  tubular, 
and  then  termed  radiant ;  or  all  bila¬ 
biate,  and  then  falsely  discoidal ;  or 
ligulate  at  the  margin,  and  bilabiate  in 
the  centre,  and  then  falsely  radiant  or 
radiatiform.  Discoidal,  and  falsely  dis- 
coidal  heads  have  sometimes  marginal 
flowers  like  the  others,  but  larger,  and 
are  then  called  coroneted  (coronata). 
Involucrum  consisting  of  many  scales, 
in  one  or  several  rows,  free,  or  (if  in 
one  row)  united  at  the  edges  ;  dry,  sca- 
rious,  coriaceous,  fleshy,  spiny,  or  leafy, 
olten  separated  into  the  scale  proper, 
and  its  appendage ;  the  rows  equal  or 
more  usually  unequal,  imbricated,  or 
calyculate,  or  variously  and  somewhat 
irregularly  lengthened.  Glomerule  con¬ 
sisting  of  one  or  few  flowered  heads, 
furnished  with  an  involucre  proper, 
densely  and  variously  aggregated,  sur¬ 
rounded  by  a  general  involucrum,  seat¬ 
ed  on  a  general  receptacle  ;  the  flowers 
of  the  centre  generally  the  earliest;  the 
exterior  later,  or  flowering  in  no  deter¬ 
minate  order.  Receptacles  of  the  head 
either  foliaceous,  that  is,  furnished  with 
paleae  resembling  1  he  scales  of  the  in¬ 
volucrum,  situated  at  the  outer  side  of 
each  flower,  articulated  above  their 
base,  and  in  occasional  monsters  ex¬ 
panded  into  true  leaves  ;  or  semipa- 
leaceous,  namely,  furnished  with  palese 
towards  the  outside  only;  or  epalea- 
ceous,  or  naked  ;  that  is  altogether  des¬ 
titute  of  palese.  In  some  heads  (or  perhaps 
glomerules  very  closely  packed  together) 
the  receptacle  is  called  sometimes  fim- 
brilliferous,  when  each  flower  is  sur¬ 
rounded  on  all  sides  with  a  socket  scaly 
at  base,  and  divided  at  the  edge  into 
irregular  plates  or  bristles  ;  sometimes 
alveolate  when  the  sockets  are  shallow 
and  not  extended  into  bristles,  but  often 
tooth-letted  ;  or  finally,  areolate,  when  a 
pentagonal  area,  the  rudiment  of  a 
socket,  bounds  the  base  of  each  flower. 
Possibly  a  receptacle  more  or  less 


paleaceous  designates  flowers  really 
spiked,  and  heads  in  the  proper  sense 
of  the  word ;  while  the  fimbrilliferous 
or  alveolate  receptacles  indicate  heads 
closely  packed  together,-  and,  properly 
speaking,  umbellate,  the  sockets  repre¬ 
senting  the  rudiments  of  an  involu¬ 
crum.  To  speak  more  plainly,  the  heads 
are  arranged  upon  the  plan  either  of 
a  contracted  spike  or  a  contracted 
umbel. 

Fructification. — Calyx  monocepalous, 
adhering  to  the  ovary ;  the  tube  some¬ 
times  equal  to  the  ovary,  sometimes 
longer  ;  its  limb  or  pappus  either  alto¬ 
gether  deficient,  or  reduced  to  a  narrow 
rim,  very  rarely  leafy,  or  more  fre¬ 
quently  sc'arious,  entire,  toothed,  lobed, 
or  breaking  up  into  paleaceous  scales, 
or  hair-like  bristles  ;  simple,  branched, 
tooth-letted,  or  feathery  ;  one,  two,  or 
many  rowed.  Corolla  monopetalous,  in¬ 
serted  into  the  top  of  the  tube  of  the 
calyx,neuramphipetalous,thatis,having 
the  petals  furnished  with  two  nervures 
next  the  margin  ;  whence  usually  five 
nervures  in  the  tube  (ten  united  in 
pairs)  stretching  from  the  base  to  the 
sinus  of  the  lobes,  and  ten  in  the  lobes, 
that  is,  marginal  to  each  lobe;  with 
the  addition  here  and  there  of  accessory 
nervures  in  the  middle  of  the  petals, 
and  these  in  a  very  few  instances  being 
the  only  ones  that  are  distinguishable. 
Tube  variable  in  length,  extending 
from  the  base  to  the  insertion  of  the 
filaments.  Throat  usually  distended 
from  the  insertion  of  the  filaments,  as 
far  as  the  separation  of  the  lobes  ;  lobes 
generally  five,  rarely  four,  or  three,  or 
two  ;  valvate  in  aestivation,  sometimes 
all  equal,  sometimes  almost  equal,  or  ir¬ 
regular,  unequal,  orpalmate;  sometimes 
bilabiate  (or  three  for  the  outer  lip,  two 
for  the  inner,  or  four  for  the  outer,  one 
for  the  inner) ;  sometimes,  in  conse¬ 
quence  of  a  fissure  carried  down  the 
inside,  expanded  into  a  five-toothed  flat 
ligula.  Stamens  five,  rarely  four,  in  the 
female  or  neuter  flowers  deficient  or 
rudimentary;  filaments  alternate,  with 
the  lobes  of  the  corolla,  and  therefore 
corresponding  with  the  nervures  of  the 
tube,  adnate  to  the  tube  of  the  corolla, 
free  upwards ;  either  wholly  distinct 
from  each  other,  or  combined  into  a 
tube,  and  therefore  monadelphous, 
towards  the  apex  articulated,  the  upper 
antheriferous  joint  standing  in  place  of 
a  connective.  Anthers  erect,  in  one 
row,  combined  into  a  tube  perforated 
by  the  style  (syngenesious  or  synan- 
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thereous),  linear,  two-celled,  opening 
inwards  by  a  longitudinal  cleft,  four- 
valved,  the  valve  turning  outwards,  at 
the  apex  prolonged  into  an  appendix  or 
wing,  varying  in  form  and  size  in  dif¬ 
ferent  species,  and  frequently  of  a  dif¬ 
ferent  consistence  from  the  part  that 
bears  the  pollen  ;  at  the  base  often  ex¬ 
tended  into  two  tails  of  variable  length 
and  form.  Pollen  globose  or  elliptical, 
rough  or  smooth.  Ovary  monocarpel- 
lary,  adhering  to  the  calyx,  one-seeded. 
Style  taper,  or  more  rarely  tumid  at  the 
base  (and  then  called  bulbous),  usually 
in  the  male  flowers  quite  simple  if  pre¬ 
sent,  in  the  females  and  hermaphro¬ 
dites  bifid  at  the  end;  its  arms  (or 
vulgarly  stigmas)  plane  above,  convex 
beneath  ;  either  altogether  distinct,  or 
more  or  less  united.  Stigmatic  glands 
(stigmas  properly  speaking)  in  two 
rows,  situated  upon  the  upper  face  of 
the  arms  of  the  style,  in  continuous 
marginal  rows,  roughish,  more  or  less 
prominent  or  distinct.  Collecting  hairs 
of  pollen  rigid,  on  the  upper  part  of  the 
style  in  hermaphrodite  flowers,  or  on 
its  arms  at  the  lower  side  or  apex; 
in  the  female  flowers  neuter,  or  almost 
none.  Fruit,  or  achenium,  composed  of 
the  tube  of  the  calyx,  the  pericarp  and 
the  seedskin,  more  or  less  completely 
combined,  and  enclosing  the  embryo. 
Achenium,  therefore,  one-celled,  one- 
seeded,  articulated  with  the  receptacle, 
most  commonly  sessile,  more  rarely  sti- 
pitate,  having  an  open  space  (areola)  at 
its  base  or  side,  either  beakless  or  ros¬ 


trate  at  the  point,  surmounted  by  the 
pappus  already  described,  terminated 
by  an  epigynous  disk,  surrounding  the 
central  nectary,  which  is  continuous 
with  the  ovary  and  style  shaped,  or 
socket-like.  Seed  fixed  by  a  very  short 
cord  to  the  lowest  part  of  the  fruit,  erect, 
attached  by  the  base  at  the  side  oppo¬ 
site  the  cord.  Lining  of  the  seedskin 
(albumen  Lessing),  thickish,  tender, 
semi-transparent,  traversed  by  a  double 
cord.  Embryo  erect,  straight,  exor- 
hizal,  dicotyledonous ;  radicle  short, 
straight ;  plumule  generally  inconspi¬ 
cuous,  cotyledons  plane,  usually  rather 
convex  at  the  back,  very  rarely  curved, 
sometimes  accidentally  three  in  num¬ 
ber. 

It  must  be  obvious  to  every  one,  upon 
reading  the  foregoing  description,  that 
it  is  so  constructed  as  to  comprehend 
every  kind  of  structure  that  Composite 
plants  ever  present,  and  that  conse¬ 
quently  the  working  Botanist  can  tell 
at  once,  by  glancing  his  eye  over  the 
paragraphs,  what  the  structure  and 
limits  of  variation  are  of  any  particular 
organ,  without  undertaking  the  labour 
of  a  long  and  tedious,  or  perhaps  im¬ 
possible  examination  for  himself.  At  the 
end  of  seven  years'  constant  study,  Pro¬ 
fessor  De  Candolle,  from  whom  the  de¬ 
scription  is  translated,  is  able  to  state 
what  the  real  characters  of  these  plants 
are,  and  by  putting  his  knowledge  into 
this  technical  form,  he  renders  it  avail¬ 
able  for  any  other  Botanist  upon  ten 
minutes’  study. 
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ANIMAL  PHYSIOLOGY 


The  term  Physiology,  derived  from 
two  Greek  words,  one  of  which  signi¬ 
fies  nature,  and  the  other  an  account  of, 
appears  to  have  been  originally  em¬ 
ployed  to  designate  a  discourse  concern¬ 
ing  natural  objects  in  general.  For  a 
long  time  past,  however,  this  word  has 
been  restricted  to  a  science  which  com¬ 
prehends  only  a  particular  class  of 
beings,  distinguished  by  peculiar  and 
very  important  characters.  Organiza¬ 
tion  confers  on  the  bodies  which  pos¬ 
sess  it  properties  sufficiently  distinctive 
to  form  the  basis  of  a  division  of  all  the 
objects  in  nature  into  two  great  classes, 
namely,  the  inorganic  and  the  organic. 

In  general,  inorganic  bodies  possess 
no  determinate  structure.  In  some  few, 
indeed,  as  in  crystals,  there  is  a  defi¬ 
nite  and  uniform  arrangement  of  the 
component  particles :  but,  even  in  these, 
as  well  as  in  inorganic  bodies  generally, 
these  particles  are  merely  in  a  state  of 
aggregation,  without  mutual  relation  or 
dependence ;  the  motions  of  their  entire 
mass  are  regulated  by  certain  physical 
laws,  the  operation  of  which  is  fixed  and 
invariable;  and  the  motions  of  the  inte¬ 
grant  parts,  and  all  the  results  of  such 
motions,  are  equally  determinate,  while 
they  are  ascertained,  or  ascertainable, 
by  direct  experiment.  The  science 
which  treats  of  this  immense  class  of 
bodies,  commonly  termed  Natural  Phi¬ 
losophy,  receives,  in  its  primary  divi¬ 
sions,  different  names,  ^according  to  the 
kind  of  properties  which  it  is  its  object 
to  investigate.  Thus,  the  science,  which 
has  for  its  subject  quantity  in  general, 
is  termed  Mathematics ;  figure,  Geome¬ 
try  ;  motion,  that  is,  motion  of  entire 
masses,  Dynamics :  while  that  which  in¬ 
vestigates  the  motion  of  the  integrant 
particles  of  masses,  and  the  results  of 
such  motion,  is  denominated  Chemistry. 

Organized  beings  possess  certain  pro¬ 
perties  in  common  with  inorganic  bo¬ 
dies  ;  but  to  these  others  are  super- 
added,  by  which  they  are  distinguished, 


and  which  modify  the  first  in  a  very 
wonderful  manner,  and  to  a  very  extra 
ordinary  extent.  The  sciences  which 
treat  of  organized  beings  are  two  only  : 
one  has  for  its  subject  their  structure, 
the  other  their  functions :  the  first  is 
termed  .  Anatomy,  the  second,  Physio- 
iogy. 

As  far  as  can  be  determined  by  ob¬ 
servation,  organization  has  an  insepara¬ 
ble  relation  to  life,  and  life  to  organiza¬ 
tion.  We  see  life  only  in  organized 
bodies :  we  see  organization  only  in 
living  beings.  That  peculiar  serios  of 
phenomena  which  is  exhibited  by  orga¬ 
nization  when  in’  action,  that  is,  by  liv¬ 
ing  beings,  constitutes  the  subject  of 
Physiology.  Physiology,  then,  is  the 
science  which  investigates  the  functions 
of  living  beings :  it  is  the  doctrine,  the 
science  of  life. 

Who  has  not  put  to  himself  the  ques¬ 
tion,  What  is  life  ?  Who  would  not  re¬ 
ceive  a  clear  and  just  solution  of  the  in¬ 
quiry  with  a  feeling  of  interest  far  be¬ 
yond  that  afforded  by  the  successful  re¬ 
sult  of  ordinary  scientific  investigation  ? 
We  know  the  mechanism  by  which  life 
acts :  we  feel  its  result.  We  see  that 
that  mechanism  is  so  delicate,  so  com¬ 
plicated,  so  fragile,  so  easily  set  w  rong, 
while  our  own  interest  is  so  deep  that 
it  should  go  well,  and  permanentlv 
well,  that  the  exquisiteness  of  adjust¬ 
ment,  the  skill  of  contrivance,  the 
completeness  with  whieh  the  intended 
result  is  secured,  all  subjects  of  distinct 
and  interesting  investigation,  only  in¬ 
crease  the  earnestness  of  our  wish,  that 
we  could  see  beyond  the  mechanism, 
and  understand  that  which  it  is  per¬ 
mitted  us  to  know  only  by  conscious¬ 
ness.  In  this  inquiry,  we  cannot  forget 
that  we  ourselves  are  the  subjects  of  the 
investigation,  and  that  all  we  have,  and 
are,  and  hope,  are  involved  in  the  mys¬ 
tery  ;  and  the  more  we  pursue  the  in¬ 
quiry,  the  deeper  wre  feel  that  there  are 
few  subjects  which  the  human  mind  can 
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study  which  have  a  greater  tendency  to 
excite  its  wonder,  to  fill  it  with  admira¬ 
tion,  to  penetrate  it  with  gratitude.  We 
do  not  commonly  consider  how  much 
is  given  us  in  life  :  the  daily  enjoyment 
of  the  boon,  renders  us  insensible  of  the 
variety  and  plenitude  of  its  richness: 
we  become  more  sensible  of  it  when  we 
contemplate  the  number  of  tissues  that 
have  been  formed  ;  the  number  of  pro¬ 
perties  that  are  attached  to  each ;  the 
number  of  organs  that  are  constituted 
by  their  aggregation  and  arrangement ; 
the  number  of  functions  that  are  exer¬ 
cised  by  those  organs  ;  and  the  number 
of  adjustments  by  which  all  are  com¬ 
bined  and  harmonized,  and  made  effec¬ 
tual  to  the  production  of  one  grand  re¬ 
sult  :  it  is  then  we  perceive  how  many 
things  must  exist,  how  many  relations 
must  be  established,  how  many  actions 
must  be  performed,  how  many  combi¬ 
nations  of  actions  must  be  secured,  be¬ 
fore  there  can  be  sensation,  and  motion, 
and  thought,  and  happiness. 

Physiologists  of  the  highest  distinction 
have  spoken  of  life  without  reserve  or 
explanation,  as  a  principle  or  a  power  ; 
a  real  and  distinct  agent,  upon  which 
the  various  phenomena  of  life  depend. 
But  life,  as  far  as  we  affix  any  scientific 
meaning  to  the  word,  is  a  peculiar 
mode  of  being,  in  which  a  certain  series 
of  phenomena  are  observed  to  take 
place ;  these  phenomena  are  never 
found  associated  with  any  other  condi¬ 
tions,  but  that  one  to  the  designation  of 
which  the  term  life  is  appropriated : 
hence  we  use  this  word,  merely  as  the 
short  expression  by  which  this  peculiar 
state  of  being,  or  the  associated  pheno¬ 
mena  which  constitute  it,  are  denoted. 
What  life  is,  independently  of  this  series 
of  phenomena,  we  are  wholly  ignorant, 
as  we  are  of  everything  but  appearances 
in  relation  to  every  object  in  nature. 

When  these  signs  of  life  are  care¬ 
fully  considered,  it  will  be  found  that 
they  are  reducible  to  five,  or  that  there 
are  five  properties  which  are  peculiar  to 
living  beings,  and  by  which  therefore 
they  are  distinguished.  Of  these,  the 
first  is  the  property  they  possess  of  re¬ 
sisting,  within  certain  limits,  the  opera¬ 
tion  of  the  ordinary  laws  of  matter. 
Physical  agents  exert  over  inorganic 
bodies  a  constant  and  irresistible  in¬ 
fluence.  Air,  moisture,  heat,  produce, 
in  all  such  bodies,  incessant  changes, 
subverting  the  closest  union  between 
their  integrant  particles,  and  forming 


them  into  combinations  entirely  new.  If 
a  living  being  be  brought  under  the  in¬ 
fluence  of  these  agents,  it  is  found  capa¬ 
ble  of  resisting  such  changes  within  a 
very  considerable  range,  and  it  retains 
this  power  as  long  as  it  continues  to  be 
a  living  being.  Thus  the  living  body  is 
not  decomposed  under  degrees  of  tem¬ 
perature  and  moisture,  which  begin  to 
resolve  it  into  its  primitive  elements  the 
moment  it  is  dead.  There  is  a  certain 
temperature,  different  in  different  cases, 
at  which  the  functions  of  the  economy 
are  performed  in  the  best  manner, 
and  all  living  beings  have  the  power 
of  preserving  that  temperature,  within 
a  very  considerable  range,  whatever 
may  be  the  degree  of  heat  or  cold  of  the 
medium  that  surrounds  them.  The 
heat  of  a  tree  examined  by  Mr.  Hunter 
was  found  to  be  always  several  degrees 
above  that  of  the  atmosphere  when  the 
atmospheric  temperature  was  below  56° 
Fahrenheit ;  but  it  was  always  several 
degrees  below  it  when  the  weather  was 
warmer.  The  sap  taken  from  the  tree 
was  found  to  freeze  at  32° ;  while  in  the 
tree,  it  would  not  freeze  below  47°.  But 
animals  exhibit  the  most  surprising 
power  of  resisting  the  different  degrees 
of  heat  or  cold  of  the  surrounding  me¬ 
dium.  The  power  of  the  superior  ani¬ 
mals,  and  especially  of  man,  to  resist 
high  degrees  of  temperature,  at  first  dis¬ 
covered  by  accident,  and  afterwards 
made  the  subject  of  direct  experiment, 
is  very  extraordinary.  In  the  year  1760, 
at  Rochefoucault,  Messieurs  du  Hamel 
and  Tillet,  having  occasion  to  use  a 
large  public  oven  on  the  same  day  in 
which  bread  had  been  baked  in  it, 
wished  to  ascertain  with  precision  its 
degree  of  temperature.  This  they  endea¬ 
voured  to  accomplish  by  introducing  a 
thermometer  into  the  oven  at  the  end  of  a 
shovel.  On  being  withdrawn,  the  ther¬ 
mometer  indicated  a  degree  of  heat 
considerably  above  that  of  boiling  water ; 
but  M.  Tibet,  convinced  that  the  ther¬ 
mometer  had  fallen  several  degrees  on 
approaching  the  mouth  of  the  oven,  and 
appearing  to  be  at  a  loss  how  to  rectify 
this  error,  a  girl,  one  of  the  attendants 
on  the  oven,  offered  to  enter,  and  mark 
with  a  pencil  the  height  at  winch  the 
thermometer  stood  within  the  oven. 
The  girl  smiled  at  M.  Tblet's  appearing 
to  hesitate  at  this  strange  proposition, 
and,  entering  the  oven,  marked  with  a 
pencil  the  thermometer  as  standing  at 
260°  of  Fahrenheit’s  scale,  M.  Tibet 


ANIMAL  PHYSIOLOGY. 


3 


began  fo  express  his  anxiety  for  the 
welfare  of  his  female  assistant,  and  to 
press  her  return.  This  female  sala¬ 
mander,  however,  assuring  him  that  she 
felt  no  inconvenience  from  her  situation, 
remained  there  ten  minutes  longer,  when 
at  length,  the  thermometer  at  that  time 
standing  at  288°,  or  76°  above  that  of 
boiling  water,  she  came  out  of  the  oven, 
her  complexion  indeed  considerably 
heightened,  but  her  respiration  by  no 
means  quick  or  laborious.  The  publi¬ 
cation  of  this  transaction  exciting  a 
great  degree  of  attention,  several  philo¬ 
sophers  repeated  similar  experiments, 
among  which  the  most  accurate  and 
decisive  were  those  performed  by  Drs. 
Fordyce  and  Blagden.  The  rooms  in 
which  these  celebrated  experimentalists 
conducted  their  researches  were  heated 
by  flues  in  the  floor.  There  was  neither 
any  chimney  in  them,  nor  any  vent  for 
the  air,  excepting  through  the  crevice 
at  the  door.  Having  taken  off  his  coat, 
waistcoat,  and  shirt,  and  being  furnished 
with  wooden  shoes  tied  on  with  lint. 
Dr.  Blagden  w'ent  into  one  of  the  rooms 
as  soon  as  the  thermometer  indicated  a 
degree  of  heat  above  that  of  boiling 
water.  The  first  impression  of  this 
heated  air  upon  his  body  was  exceed¬ 
ingly  disagreeable ;  but  in  a  few  minutes 
all  his  uneasiness  w'as  removed  by  the 
breaking  out  of  a  sweat.  At  the  end  of 
twelve  minutes  he  left  the  room  very 
much  fatigued,  but  no  otherwise  disor¬ 
dered.  The  thermometer  had  risen  to 
220°.  In  other  experiments  it  was  found 
that  a  heat  even  of  260°  could  be  borne 
with  tolerable  ease.  At  these  high  tem¬ 
peratures  every  piece  of  metal  about  the 
body  of  the  experimenters  became  into¬ 
lerably  hot ;  small  quantities  of  water 
placed  in  metallic  vessels  quickly  boiled. 
Though  the  air  of  this  room,  which  at 
one  period  indicated  a  heat  of  264°, 
could  be  breathed  with  impunity,  yet, 
of  course,  the  finger  could  not  be  put 
into  the  boiling  water,  which  indicated 
only  a  heat  of  212°;  nor  could  it  bear 
the  touch  of  quicksilver  heated  only  to 
120° ;  nor  scarcely  that  of  spirit  of  wine 
at  130°.  But  in  a  physiological  view, 
the  most  curious  and  important  point 
to  be  noticed  is,  that  while  the  body 
was  thus  exposed  to  a  temperature  of 
264°,  the  heat  of  the  body  itself  never 
rose  above  101°  or  at  most  102°.  In 
one  experiment,  while  the  heat  of  the 
room  was  202°,  the  heat  of  the  body 
was  only  99i°,  its  natural  temperature 


in  the  state  of  health  being  98°.  But 
animals  are  capable  of  living  in  tem¬ 
peratures  M extraordinary  elevation  even 
in  the  dense  medium  of  water.  Dr. 
Clarke  states,  that  in  one  of  the  tepid 
springs  of  Bonarbashy,  situated  near 
the  Mender,  in  which  the  thermometer 
rose  to  62°  Fahrenheit,  fishes  were  seen 
sporting  in  the  reservoir.  In  the  thermal 
springs  of  Bahia,  in  Brazil,  small  fishes 
were  seen  swimming  in  a  rivulet  that 
raises  the  thermometer  to  88°.  Sonnerat 
states,  that  he  found  fishes  existing  in  a 
hot  spring  at  the  Manillas  at  158°.  M. 
Humboldt  and  M.  Bonpland,  in  travel¬ 
ling  through  the  province  of  Quito  in 
South  America,  perceived  lishes  thrown 
up  alive,  and  apparently  in  good  health, 
from  the  bottom  of  a  volcano,  along 
with  water  and  heated  vapour  that  raised 
the  thermometer  to  210°,  being  only  2° 
short  of  the  boiling  point.  This  power 
of  resisting  temperature  belongs,  in  an 
almost  equal  degree,  even  to  the  vegeta¬ 
ble  world.  M.  Sonnerat  found  the  vitex 
agnus  castus,  and  two  species  of  aspu- 
lathus  on  the  banks  of  a  thermal  rivulet 
in  the  island  of  Lucon,  the  heat  of  which 
raised  the  thermometer  to  1 74°,  and  so 
near  the  water  that  its  roots  swept  into  it. 
Around  the  borders  of  a  volcano  in  the 
Isle  of  Tanna,  where  the  thermometer 
stands  at  210°,  Mr.  Forster  found  a 
variety  of  flowers  flourishing  in  the 
highest  state  of  perfection.  Confervse  and 
other  water-plants  are  by  no  means  un- 
frequently  traced  in  the  boiling  springs 
of  Italy  raising  the  thermometer  to  2 1 2°, 
or  the  boiling  point.  The  temperature 
at  which  these  beings  preserve  their  life 
and  health,  and  maintain  the  heat  of 
their  bodies  at  nearly  the  same  point  as 
is  natural  to  their  tribes  under  ordinary 
temperatures,  is  obviously  more  than 
sufficient  to  boil  the  vegetable,  or  to 
roast  the  animal  when  dead.  N  ow,  this 
power  of  resisting  temperature  the 
living  body  owes  to  the  performance  of 
certain  vital  processes  which  are  excited 
to  extraordinary  action  under  extraor¬ 
dinary  circumstances.  By  the  same 
power  it  is  capable  of  bearing  with  im¬ 
punity  intense  degrees  of  cold.  In 
climates  and  seasons  w’hen  the  thermo¬ 
meter  indicates  a  degree  of  cold  much 
below  zero,  the  temperature  of  the  ani 
mal  body  continues  almost  unchanged, 
and  all  the  functions  of  life  go  on  with 
out  impediment  or  injury.  Some  of  the 
lower  animals  may  even  be  frozen  and 
rendered  quite  torpid  without  the  loss 
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of  life.  The  common  eel  may  be  re¬ 
duced  to  this  condition  and  conveyed 
thousands  of  miles  in  a  state  of  com¬ 
plete  torpor,  while  it  may  be  again  re¬ 
stored  to  the  full  possession  of  activity 
and  health,  by  the  cautious  application 
of  warmth.  And  in  whatever  climate 
man  himself  has  been  able  to  live,  or 
into  which  curiosity  has  led  him  to 
penetrate,  there,  wherever  he  has  been 
able  to  trace  a  vestige  of  animal  being, 
plants  have  equally  been  found  flourish¬ 
ing  in  vigour  and  adorned  with  beauty. 

Other  classes  of  facts  indicate  a  con¬ 
trolling  power  equally  characteristic  of 
the  living  body.  Seeds  endowed  with 
vitality  remain  unchanged,  under  cir¬ 
cumstances  in  which  they  would  cer¬ 
tainly  be  destroyed  (that  is,  decomposed 
and  resolved  into  their  ultimate  elements) 
were  they  destitute  of  the  principle  of 
life.  They  remain  buried  many  thou¬ 
sand  years  deep  in  the  bowels  of  the 
earth,  yet  when  accident  throws  them 
to  the  surface,  and  they  fall  into  a  soil 
which  is  favourable  to  their  vegetation, 
they  immediately  begin  to  develope  pro¬ 
perties  which  had  lain  latent  for  un¬ 
known  ages,  and  spring  into  active  life 
with  all  the  vigour  of  a  seed  formed 
under  our  own  eye.  Hence  in  the 
neighbourhood  of  quarries  new  plants 
are  continually  making  their  appear¬ 
ance,  which  had  never  before  been  ob¬ 
served  to  grow  near  such  places.  Seeds 
pass  uninjured  even  through  the  diges¬ 
tive  organs  of  animals,  exposed  with 
impunity  to  the  most  powerful  of  all 
solvents  of  vegetable  and  animal  matter, 
the  gastric  juice.  And  what  is  truly 
remarkable,  irresistible  as  the  action  of 
that  wonderful  fluid  is  upon  all  dead 
vegetable  and  animal  substance,  it  has 
no  perceptible  influence  whatever  upon 
any  of  those  substances  as  long  as  they 
retain  their  vitality.  No  living  being, 
when  in  the  stomach  of  an  animal,  is 
acted  upon  by  its  gastric  juice  until  the 
vitality  of  that  being  is  destroyed. 
Hence  worms  are  capable  of  living  for 
an  indefinite  period  in  the  stomach  of 
animals,  and  are  exposed  with  impunity 
to  their  gastric  juice ;  nor  is  there  any 
mode  of  destroying  them,  but  that  of 
introducing  into  the  stomachs  of  the 
animal  some  substance  which  kills  these 
parasitic  creatures,  and  then  they  are 
easily  expelled.  The  walls  of  the  sto¬ 
mach  during  life  are  in  constant  con¬ 
tact  with  its  own  gastric  juice,  without 
receiving  any  injury  from  it;  but  it 


sometimes  happens  after  death,  that 
this  fluid  corrodes  and  eats  through  the 
very  organ  that  formed  it.  The  egg, 
like  most  other  living  beings,  maintains 
a  temperature  considerably  above  that 
of  the  surrounding  medium  :  by  a  deli¬ 
cate  thermometer,  its  vitality,  that  is, 
its  freshness,  may  always  be  ascertained ; 
and  as  long  as  it  is  alive  it  resists  putre¬ 
faction  under  degrees  of  heat  and  mois¬ 
ture  w’hich  cause  it  to  run  rapidly  into 
the  putrefactive  process  as  soon  as  it  is 
dead. 

The  property  of  hybernation  in  ani¬ 
mals,  exceedingly  curious  in  all  the 
circumstances  that  belong  to  it,  is  truly 
wonderful  in  its  preservative  power 
— a  power  which  maintains  the  exist¬ 
ence  of  the  animal,  not  only  as  well  as  if 
all  its  vital  actions  were  in  full  opera¬ 
tion,  but,  if  the  observations  of  some 
naturalists  are  to  be  credited,  even  under 
circumstances  in  which  the  animal  could 
not  live,  were  its  ordinary  vital  actions 
in  complete  play.  The  state  of  hyber¬ 
nation  itself  seems  to  be  produced  in 
order  to  preserve  the  animal  from  the 
operation  of  temporary  causes,  such  as 
states  of  temperature,  climate,  and  so 
on,  which  would  be  fatal  to  it.  While 
these  states  continue,  the  usual  vital 
processes  are  either  wholly  suspended,  or 
go  on  with  an  extraordinary  degree  of 
slowness :  as  soon  as  the  former  pass 
away,  the  latter  renew  their  action,  and 
the  animal  springs  into  life  with  reno¬ 
vated  power,  safe,  during  the  whole 
period  of  its  suspended  animation,  from 
the  influence  of  physical  agents,  not 
only  in  their  ordinary  state  of  energy, 
but,  as  has  been  just  stated,  in  an  ex¬ 
ordinary  degree  of  intensity. 

The  loir,  or  fat  dormouse,  which  in 
winter  falls  into  a  torpid  state,  illus¬ 
trates  what  may  be  considered  as  the 
lowest  degree  of  hybernation.  These 
creatures  possess  so  little  animal  heat 
that  it  scarcely  exceeds  the  ordinary 
temperature  of  the  air:  their  torpor 
ceases  with  the  cold  :  a  few  degrees  of 
heat,  about  ten  or  eleven,  will  reanimate 
them,  and  if  they  are  kept  during  winter 
in  a  warm  room,  they  will  continue  ac¬ 
tive  the  whole  season ;  they  will  then 
move  about,  eat,  drink,  and  sleep  at 
the  usual  intervals,  like  other  animals. 
When  the  cold  approaches  they  roll 
themselves  into  a  ball,  and  in  this  state 
may  be  found  in  winter  in  hollow  trees, 
or  clefts  of  rocks,  or  in  holes  in  walls 
exposed  to  the  south ;  they  may  be  taken 
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and  rolled  about  without  rousing  them  ; 
nothing,  indeed,  seems  to  awaken  them 
from  their  lethargy  but  gradual  heat ;  if 
exp.osed  suddenly  before  a  fire  they  die : 
resuscitation  can  only  be  effected  by  de¬ 
grees.  In  this  state,  however,  although 
deprived  of  the  capability  of  movement, 
with  the  eyes  closed,  and  in  an  apparent 
state  of  death-like  indifference,  they  pos¬ 
sess  a  feeling  of  pain  when  sharply  in¬ 
flicted  :  a  wound  or  a  burn  causes  them 
to  contract,  and  to  make  a  slight  sort  of 
convulsive  leap,  which  they  will  repeat 
several  times. 

From  experiments  performed  on  this 
species  in  particular,  among  other  lethar¬ 
gic  quadrupeds,  by  A.  M.  Mangili  of 
Pavia,  it  appears  that  its  hybernating 
or  lethargic  state  takes  place  only  within 
certain  ranges  of  temperature ;  that 
either  too  high  or  too  low  a  degree  of 
temperature  prevents  it  from  coming  on ; 
that  the  torpor  is  most  profound  when 
the  temperature  is  at  from  5°  to  7°  above 
zer.o,  and  that  a  more  intense  cold  even 
revives  the  animal  to  activity.  These 
experiments  shew  in  the  most  beautiful 
manner  how  completely  this  singular 
condition,  scarcely  to  be  distinguished 
from  that  of  death,  is  under  the  regula¬ 
tion  and  control  of  the  vital  principle, 
that  principle  inducing  the  state  when 
the  cold  is  at  a  certain  degree,  but  pre¬ 
venting  it  from  coming  on,  and  even 
rousing  the  animal  from  it  when  it  has 
actually  supervened,  if  the  intensity  of 
the  cold  increase. 

But  if  the  accounts  given  by  natural¬ 
ists  of  the  hybernating  condition  of  cer¬ 
tain  birds  be  deemed  worthy  of  credit, 
how  much  more  wonderful  must  appear 
the  preservative  power  of  life,  and  how 
much  more  extraordinary  the  modi¬ 
fications  of  state  in  the  same  animal 
of  which  it  will  admit !  That  the  cuckoo 
hybernates,  and  that,  when  accidentally 
found  in  its  torpid  state,  it  appears  like 
a  dead  mass  of  matter  ;  that  it  may  be 
rolled  about,  or  even  struck  with  a 
considerable  degree  of  violence  without 
producing  the  slightest  sign  of  sensation; 
that  its  respiration  and  every  other  ma¬ 
nifest  vital  action  seem  to  be  wholly 
suspended,  are  well  known  facts.  Equally 
familiar  to  us  is  the  annual  migration  of 
swallows  from  our  country  and  their  re¬ 
gular  return  to  it  in  the  month  of  April ; 
but  it  is  not  so  generally  known  that 
some  of  these  birds,  probably  the  young 
and  the  feeble,  remain  the  whole  year  in 
Britain,  and  as  the  winter  approaches, 


retiring  into  the  hollows  of  trees,  the 
clefts  of  rocks,  and  the  bottom  of  deep 
caverns,  fall  into  a  torpid  state,  and  con¬ 
tinue  in  a  profound  lethargy  during  the 
cold  months.  In  the  severer  climates,  the 
fact  of  their  hybernation  is  still  more 
abundantly  attested ;  but  the  most  ex¬ 
traordinary  statement  is  that,  in  such 
countries,  they  precipitate  themselves  into 
the  sea  and  into  deep  lakes  and  rivers, 
at  the  bottom  of  which  they  remain  dur¬ 
ing  winter  in  a  state  of  profound  torpor. 
If  such  accounts  may  be  credited,  and 
they  are  attested  by  authorities  which  can 
scarcely  be  questioned,  how  wonderful 
must  be  the  action  of  the  vital  principle 
in  preserving  the  life  of  an  animal  under 
circumstances  so  extraordinary,  in  an 
element  which  would  certainly  be  fatal 
to  it  in  a  few  minutes  in  its  ordinary 
state ;  with  its  respiration  suspended,  its 
circulation  stopped,  and  its  blood — in 
what  condition  must  we  conceive  this 
fluid  to  remain  ?  If  it  coagulate,  which 
it  must  do  in  a  few  seconds,  unless  un¬ 
der  some  counteracting  and  controlling 
influence,  it  can  no  longer  be  a  living- 
fluid,  and  how  then  can  the  animal  pos¬ 
sibly  revive  ?  But  if  it  do  not  coagulate, 
if  it  remain  alive,  and  therefore  fluid, 
though  at  perfect  rest,  and  exposed  to 
such  a  degree  of  cold  for  this  length  of 
time,  how  striking  an  illustration  would 
this  most  singular  fact  afford  of  the  un¬ 
interrupted  and  enduring  and  efficient 
action  of  the  vital  principle,  under  cir¬ 
cumstances  which  would  seem  absolutely 
incompatible  with  its  existence  even  for 
a  few  moments! 

Not  less  remarkably  is  the  influence 
of  this  living  power  exemplified  in  the 
protection  it  affords  the  body  from  dis¬ 
ease.  It  often  happens,  that  causes 
which  are  injurious  to  the  body,  when 
they  do  not  operate  upon  it  with  suffi¬ 
cient  intensity  utterly  to  destroy  life,  are 
still  adequate  to  disturb  its  functions, 
and  thus  to  occasion  disease.  Against 
the  influence  of  such  noxious  agents  the 
living  body  is  endowed  with  a  power  of 
resistance  which  affords  it  complete  se¬ 
curity  as  long  as  its  vital  energies  con¬ 
tinue  vigorous  ;  but  when  these  decline, 
the  very  causes  which  before  made  no 
sensible  impression  upon  it,  now  prove 
fatal.  Hence  the  weaker  the  body  the 
more  susceptible  it  is  to  the  influence  of 
physical  agents,  and  the  less  it  is  capa¬ 
ble  of  resisting  the  influence  of  those 
that  are  noxious.  And  when  at  length 
death  does  te.ke  place,  how  instantane- 
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ous  and  how  entire  is  the  change  which 
the  body  undergoes !  During  life,  in  a 
creature  high  in  the  scale  of  being,  how 
graceful  is  the  rounded  form  of  the  limbs, 
broken  only  by  the  undulations  which 
mark  the  play  of  the  muscles  and  w'hich 
indicate  their  strength !  How  soft  the 
balmy  heat  which  pervades  every  part  of 
the  frame !  Hov^.exquisite  the  variety, 
the  rapidity,  the  exactness,  the  strength 
of  the  movements !  The  instant  death 
seizes  on  this  active  creature,  all  its 
power  of  motion  is  at  an  end  ;  its  ge¬ 
nial  warmth  is  gone  ;  its  muscles  become 
flaccid;  the  angles  of  its  bones  are  pro¬ 
minent  and  sharp  ;  its  eyes  lose  their 
lustre;  its  countenance  is  without  ex¬ 
pression  ;  its  lips  are  motionless,  and  its 
cheeks  livid.  This  livid  colour  passes 
rapidly  to  a  blue,  a  green,  a  black :  the 
flesh  absorbs  moisture ;  one  part  of  it 
arises  in  pestilential  exhalations,  the  re¬ 
maining  part  becomes  a  liquid  and  putrid 
mass,  and  the  work  of  destruction  stops 
only  when  nothing  remains  of  the  body 
but  a  few  earthy  and  saline  particles, 
everything  else  being  dispersed  in  air  or 
carried  off  by  water ;  having  entered  into 
new  combinations  or  formed  a  consti¬ 
tuent  part  of  new  beings.  And  the  che¬ 
mical  affinities  of  the  agents  which  pro¬ 
duce  these  astonishing  changes,  agents 
which  have  surrounded  the  body  from 
the  first  moment  of  its  existence,  why 
have  they  not  always  operated? — for 
the  reason  we  have  endeavoured  to  illus¬ 
trate  ;  because,  in  the  former  case,  the 
body  was  alive,  and  therefore  resisted 
and  controlled  the  influence  of  these 
agents;  in  the  latter  case,  life  being 
extinguished,  the  body  is  in  the  con¬ 
dition  of  an  inorganic  substance,  and 
is  therefore  instantly  acted  upon  by 
them. 

The  manner  in  which  physical  and 
chemical  changes  are  effected  in  inor¬ 
ganic  bodies,  is  either  by  the  change  of 
place  in  their  masses,  or  by  the  change 
of  combination  in  the  elementary  parti¬ 
cles  of  which  they  are  composed.  It  is 
remarkable  that  life  does  not  counteract 
the  operation  of  the  agents  which  pro¬ 
duce  these  changes,  as  might  at  first  be 
supposed,  by  retaining  in  one  uniform 
position  the  identical  particles  of  which 
the  living  body  is  formed  ;  for  no  par¬ 
ticle  of  the  living  body  retains  its  rela¬ 
tive  position  for  any  considerable  time — 
no  particle  continues  long  in  the  body 
itself ;  all  are  in  a  state  of  constant  mu¬ 
tation  ;  old  particles  are  every  moment 


taken  away ;  new  particles  are  every 
moment  supplied :  it  is  by  incessant 
motion  among  the  integrant  particles 
of  the  living  body,  not  by  rest,  that  its 
integrity  is  preserved  ;  and  that  motion, 
for  the  most  part,  is  internal.  A  circle 
of  actions  is  established  within  the  body, 
by  which  certain  processes  are  accom¬ 
plished  which  counteract  decomposition 
and  retain  it  in  the  peculiar  condition 
which,  as  far  as  our  observations  go,  is 
necessary  to  life.  Thus,  internal,  or,  as 
they  are  often  termed,  intestinal  actions, 
counteracting  the  ordinary  influence  of 
physical  agents,  afford  the  first  distinc¬ 
tive  character  of  life. 

2.  The  second  is  the  power  possessed 
by  the  living  body  of  assimilating  foreign 
matter  to  its  own  substance.  The  par¬ 
ticles  of  which  inorganic  bodies  consist 
are  held  together  by  mutual  attraction : 
they  increase  by  the  juxtaposition  of 
new  particles,  which  are  merely  super¬ 
imposed  upon  the  pre-existing  mass. 
The  living  body  is  endowed  with  the 
power  of  converting  materials  of  differ¬ 
ent  natures  into  one  homogeneous  sub¬ 
stance,  and  of  elaborating  from  that 
substance  the  various  fluid  and  solid 
parts  of  which  it  is  composed.  The 
plant  puts  forth  its  roots  into  the  soil, 
and  abstracting  the  nutrient  particles 
it  finds,  converts  them  into  its  own  pro¬ 
per  substance.  The  animal  receives 
into  the  interior  of  its  body  the  different 
substances  from  which  it  derives  its 
nourishment ;  dissolves  them  ;  decom¬ 
poses  them  ;  recombines  their  elements 
in  new  proportions  and  in  different 
modes,  and  thus  forms  all  the  tissues 
and  all  the  organs  which  anatomy  dis¬ 
plays  as  composing  its  structure. 

3.  A  third  character  by  which  the 
living  body  is  distinguished  is  derived 
from  the  peculiar  disposition  of  the  ma¬ 
terials  of  which  it  consists  :  that  dispo¬ 
sition  is  always  regular  and  determinate, 
constituting  arrangement.  This  ar¬ 
rangement  is  termed  structure;  the  pro¬ 
cess  by  which  it  is  effected  is  called  or¬ 
ganization  ;  hence  the  body  in  which  it 
is  found  is  said  to  be  organized.  The 
most  simple,  or  the  ultimate  arrange¬ 
ment,  in  an  organized  body,  as  far  as  it 
is  in  our  power  to  trace  it,  consists  of 
an  areolated  and  spongy  substance, 
forming  exceedingly  minute  cavities,  in 
which  the  fluids  are  contained.  Of 
this  structure  an  imperfect  concep¬ 
tion  may  be  conveyed  by  the  annexed 
figure. 
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This  areolated  and  spongy  substance 
is  disposed  in  layers :  its  fibres  interlace 
and  intersect  each  other  in  every  pos¬ 
sible  direction ;  thus  uniting,  it  forms 
tissues  ;  tissues  combine,  and  form  or¬ 
gans  ;  organs  combine,  and  constitute 
the  entire  body. 

We  have  thus  arrived  at  three  cha¬ 
racters  which  distinguish  the  living 
body,  namely,  the  power  of  resisting, 
within  a  certain  range,  the  ordinary 
operation  of  physical  agents  ;  the  power 
of  converting  matter  of  different  qua¬ 
lities  into  its  own  proper  substance,  and 
the  power  of  arranging  the  substance 
thus  formed  in  a  regular  and  determi¬ 
nate  manner,  denominated  structure. 
There  are  two  additional  phenomena, 
which  are  equally  distinctive  of  it :  these 
relate  to  its  origin  and  its  termination. 

4.  It  is  a  general  law,  that  living 
beings  derive  their  origin  from  pre-ex¬ 
isting  living  beings,  by  a  peculiar  pro¬ 
cess,  termed  generation.  The  first  ori¬ 
gin  of  a  new  being  is  veiled  in  impene¬ 
trable  mystery :  its  first  indications  of 
life,  however,  can,  in  general,  be  traced 
to  what  is  termed  a  germ ;  that  is,  an 
organized  substance,  the  product  of  the 
parent  animal.  Living  bodies  form, 
primitively,  part  of  other  living  bodies 
from  which  they  are  subsequently  de¬ 
tached  ;  from  these  bodies  they  derive 
the  degree  of  development  which  ren¬ 
ders  them  capable  of  independent  exist¬ 
ence  :  it  is  the  vital  motion  in  the  parent 
stock  that  communicates  to  the  offspring 
its  vital  impulse:  it  is  life  that  gives  ori¬ 
gin  to  life. 

As  this  power  of  forming  a  being  si¬ 
milar  to  itself,  by  which  the  species  is 
perpetuated,  is  exceedingly  characteristic 
of  the  living  body,  so  its  power  to  re¬ 
pair  or  to  reproduce,  by  internal  actions, 
parts  of  its  own  body  which  may  have 
been  lost,  is  scarcely  less  remarkable. 
In  the  lower  animals,  entire  organs, 
when  removed,  are  completely  and 
rapidly  regenerated.  If  one  or  more 
of  the  rays  of  the  asterias  (fig.  2) 
be  destroyed,  they  are  renewed  with 


surprising  rapidity.  Blumenbaeh  states 
that  he  cut  away  the  entire  eye  of  the 
water-newt,  and  that  the  organ  was  per¬ 
fectly  restored,  only  somewhat  smaller 
than  the  other,  in  a  short  space  of  time. 


Fig.  2. 


All  living  beings  have  this  power  in  a 
greater  or  less  degree  ;  but,  for  reasons 
hereafter  to  be  assigned,  the  power  is 
greatest  in  the  most  imperfectly  orga¬ 
nized. 

5.  The  last  character  by  which  the 
living  body  is  distinguished,  is  that  of 
terminating  its  existence  by  the  process 
of  death.  The  vital  energies  by  which 
the  circle  of  actions  and  reactions  ne¬ 
cessary  to  life  is  sustained,  at  length 
decline,  and  finally  become  exhausted. 
Inorganic  bodies  preserve  their  existence 
unalterably  and  for  ever,  unless  some  me¬ 
chanical  force  or  some  chemical  agent 
separate  their  particles  or  alter  their 
composition.  But,  in  eveiy  living  body, 
its  vital  motions  inevitably  cease,  sooner 
or  later,  from  the  operation  of  causes 
that  are  internal  and  inherent.  Thus, 
to  terminate  its  existence  by  death,  is 
as  distinctive  of  a  living  being  as  to 
derive  its  origin  from  a  pre-existing 
germ. 

Such  is  the  series  of  phenomena 
which  we  invariably  find  associated 
wherever  there  is  life :  such  a  series 
of  phenomena  is  never  found  but  in 
a  state  of  life.  The  assemblage  of 
these  particular  phenomena  is  ex 
pressed  by  the  general  term  life.  It  is 
natural  to  conceive  that  these  pheno¬ 
mena  are  attached  to  some  permanent 
subject.  We  are  almost  irresistibly  im¬ 
pelled  to  the  adoption  of  such  an  hypo¬ 
thesis,  in  relation  to  every  subject,  phy¬ 
sical  as  well  as  vital.  We  say  that 
matter  is  the  permanent  subject  of  cer¬ 
tain  qualities,  such  as  extension,  divisi¬ 
bility,  attraction,  repulsion,  and  so  on. 
We  say  that  mind  is  the  permanent 
subject  of  certain  faculties,  such  as  per- 
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ception,  memory,  association,  reason. 
In  like  manner  we  imagine  that  there  is 
a  permanent  subject, "which  we  name  the 
vital  principle,  upon  which  we  conceive 
the  phenomena  of  living  beings  to  depend. 
But  these  permanent  subjects,  these 
substrata  in  which  qualities  are  sup¬ 
posed  to  inhere,  must  be  considered,  so 
far  as  our  real  knowledge  is  concerned, 
fictions  of  the  imagination.  All  that  we 
really  know  are  the  ascertained  pheno¬ 
mena  ;  beyond  these  everything  must,  of 
course,  be  conjecture ;  and  the  most 
eminent  men  have  fallen,  and  at  this 
very  time  are  constantly  falling,  into 
gross  error,  by  not  keeping  the  distinc¬ 
tion  here  suggested  steadily  in  view 

Organized  beings  are  divided  into  two 
great  classes,  vegetables  and  animals. 
The  phenomena,  we  have  hitherto  stated, 
are  common  to  both.  There  are  charac¬ 
ters  by  which  they  are  distinguished 
from  each  other  :  these  are  derived  from 
certain  properties  which  are  possessed 
by  the  one,  but  of  which  the  other  is 
destitute.  Every  living  being  must  pos¬ 
sess  the  power  of  assimilating  foreign 
materials  into  its  own  substance ;  and, 
since  it  is  a  law  of  the  vital  economy 
that  life  springs  from  life  only,  it  must 
be  endowed  with  the  further  property  of 
generating  an  offspring  inheriting  a 
nature  similar  to  its  own,  otherwise 
every  species  of  creatures  would  perish 
with  the  primitive  race.  The  faculties 
of  nutrition  and  reproduction  must, 
therefore,  be  common  to  all  living  beings. 
Vegetables,  accordingly,  exercise  these 
two  functions,  but  to  these  their  economy 
is  limited.  Animals,  on  the  other  hand, 
possess  two  additional  faculties,  namely, 
sensation  and  voluntary  motion  ;  from 
which  superadded  endowments  they  are 
said  to  be  animated,  and  are  therefore 
called  animals.  Thus,  vegetables  possess 
only  one  set  of  faculties:  animals,  on 
the  other  hand,  are  endowed  with  two 
kinds — first,  those  which  they  possess  in 
common  with  vegetables,  and  which, 
accordingly,  are  called  vegetative ;  or 
which,  because  they  are  essential  to  the 
maintenance  of  life  in  the  individual, 
and  to  the  perpetuation  of  it  in  the  spe¬ 
cies,  are  sometimes  denominated  vital; 
these  are,  nutrition  and  reproduction  : 
and,  secondly,  those  which  are  peculiar 
to  animals,  but  because  they  belong  ex¬ 
clusively  to  this  division  of  living  beings, 
are  termed  animal ;  these  are,  sensation 
and  voluntary  motion. 

Some  ingenious  men  have  inclined  to 


the  opinion  that  vegetables,  no  less  than 
animals,  possess  sensation,  and  exer¬ 
cise  spontaneous  motion.  There  are  ve¬ 
getable  phenomena  which  seem  at  first 
view  to  favour  this  opinion  ;  but,  on 
strict  examination,  it  will  be  found  that 
they  really  afford  no  support  to  it.  The 
argument  for  the  sensibility  of  plants  is 
founded  on  certain  movements  which 
they  exhibit,  which  are  truly  analogous 
to  those  of  animals,  and  which  it  must 
be  confessed  have  very  much  the  appear¬ 
ance  of  spontaneity.  The  study  of  the 
vegetable  economy  furnishes  numerous 
examples  of  such  motions.  The  germ, 
and  the  radicle  of  the  seed,  invariably 
pursue  each  its  proper  direction,  although 
the  seed  be  sown  in  an  inverted  position. 
The  plumula  always  directs  itself  up¬ 
wards,  while  the  radicle  as  certainly 
strikes  downward  into  the  ground. 
“  Several  years  ago,”  says  Dr.  Perceval, 
who  is  one  of  the  most  ingenious  advo¬ 
cates  of  the  perceptivity  of  plants, “  whilst 
engaged  in  a  course  of  experiments  to 
ascertain  the  influence  of  fixed  air  on 
vegetation,  the  following  fact  repeat¬ 
edly  occurred  to  me : — A  sprig  of  mint, 
suspended  by  the  root,  with  the  head 
downwards,  in  the  middle  glass  vessel 
of  Dr.  Nooth’s  machine,  continued  to 
thrive  vigorously,  without  any  other  pa¬ 
bulum  than  what  was  supplied  by  the 
stream  of  mephitic  gas  to  which  it  was 
exposed.  In  twenty-four  hours  the  stem 
formed  into  a  curve,  the  head  became 
erect,  and  gradually  ascended  towards 
the  mouth  of  the  vessel,  thus  producing, 
by  successive  efforts,  a  new  and  unusual 
configuration  of  its  parts.  Such  exer¬ 
tions  in  the  sprig  of  mint  to  rectify  its 
inverted  position,  and  to  remove  from  a 
foreign  to  its  natural  element,  seems  to 
evince  volition  to  avoid  what  was  evil, 
and  to  recover  what  had  been  expe¬ 
rienced  to  be  good.  If  a  plant  in  a 
garden-pot  be  placed  in  a  room  which 
has  no  light  except  from  a  hole  in  the 
wall,  it  will  shoot  towards  the  hole,  pass 
through  it  into  the  open  air,  and  then 
vegetate  upwards  in  its  proper  direction. 
Whether  the  pond  in  which  it  grows  be 
deep  or  shallow,  the  water-lily  pushes 
up  its  flower  sterns  till  they  reach  the 
open  air,  in  order  that  the  farina  feeun- 
dans  may  perform  without  injury  its 
proper  office.  About  seven  in  the  morn¬ 
ing,  the  stalk  erects  itself,  and  the  flowers 
rise  above  the  surface  of  the  water ;  in 
this  state  they  continue  until  four  in  the 
afternoon,  when  the  stalk  becomes  re- 
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laxed,  and  the  flowers  sink  and  close. 
The  sensitive  plant  contracts  on  the 
slightest  touch,  and  immediately  folds 
up  its  leaves.  The  flowers  of  a  great 
variety  of  plants  alter  their  direction 
according  to  the  circumstances  in  which 
they  are  placed.  A  hop-plant,  turning 
round  a  pole,  follows  the  course  of  the 
sun,  from  east  to  west,  and  even  dies  if 
forced  into  an  opposite  line  of  motion. 
The  regular  movements  by  which  the 
sun-flower  presents  its  splendid  disk  to 
the  sun,  have  been  the  subject  of  uni¬ 
versal  admiration,  both  in  ancient  and 
modern  times : — ■ 

The  lofty  follower  of  the  sun, 

Sail  when  he  sets,  shuts  up  her  yellow  leaves, 

Drooping  all  night;  and  when  he  warm  returns. 

Points  her  enamour’d  bosom  to  his  ray. 

The  lateral  leaflets  of  the  hedysarum 
gyraus  present  a  constant  alternation  of 
elevation  and  depression,  and  this  regu¬ 
lar  and  successive  movement  is  con¬ 
ceived  to  be  connected  with  the  function 
of  respiration.  The  stamina  of  the 
berberis  vulgaris,  and  of  several  other 
plants,  move  towards  the  stigma,  in  a 
manner  which  has  struck  every  observer 
with  its  similarity  to  spontaneous  mo¬ 
tion.  The  roots  of  plants  which  proceed 
in  pursuit  of  proper  nourishment,  and 
which  alter  their  course  the  moment 
they  approach  a  situation  which  would 
be  injurious  to  them,  afford  examples 
which  still  more  strikingly  resemble 
spontaneous  movements.  If  a  wet 
sponge  be  placed  near  a  root  exposed  to 
the  air,  the  root  will  direct  its  course  to 
the  sponge  :  if  the  place  of  the  sponge 
be  changed,  the  root  will  vary  its  direc¬ 
tion.  The  claspers  of  briony  shoot  into 
a  spiral,  and  lay  hold  for  support  of 
whatever  may  come  in  their  way.  If, 
after  completing  a  spiral  of  three  or  four 
rounds,  they  meet  with  nothing  to  sus¬ 
tain  them,  they  set  out  afresh  in  search 
of  support,  by  altering  their  course. 

But,  curious  and  interesting  as  many 
of  these  movements  are,  they  are  in¬ 
adequate  to  prove  that  vegetables  pos¬ 
sess  either  sensation,  that  is,  sensation 
attended  with  consciousness,  or  volun¬ 
tary  motion.  They  are  referable  to  a 
power  possessed  in  common  by  plants 
and  animals,  namely,  the  power  of  con¬ 
tracting  on  the  application  of  a  stimulus. 
Contractility  is. truly  a  vital  power:  it 
is  possessed  only  by  an  organic  being; 
it  is  possessed  in  common  by  both 
classes  of  organic  beings  ;  but  it  is  con¬ 
stantly  exercised,  even  in  the  animal, 
without  consciousness,  and  therefore  of 


necessity  without  volition :  whence  the 
exercise  of  it  in  the  vegetable  cannot 
possibly  prove  that  it  is  attended  in  this 
lower  order  of  beings  with  the  posses¬ 
sion  of  consciousness.  But  that  the  ve¬ 
getative  functions  are  performed  without 
consciousness,  we  have  a  still  more 
striking  proof  in  ourselves  :  for  man  ex¬ 
ercises  both  classes  of  functions,  the 
vegetative  and  the  animal.  By  observ¬ 
ing  what  passes  within  ourselves,  we  see 
that  there  is  no  connexion  between 
mere  vegetative  life  and  sensation  :  the 
latter  is  a  totally  distinct  and  higher  fa¬ 
culty,  superadded  to  the  former.  We 
are  conscious  that  we  live ;  we  are  not 
conscious  of  the  operation  of  the  vegeta¬ 
tive  faculties  by  which  we  live.  Of  all 
the  processes  by  which  the  aliment  is 
converted  into  blood,  and  the  blood  into 
the  proper  substance  of  the  body,  com¬ 
plicated  as  the  processes,  and  numerous 
and  incessant  as  the  motions  are  by 
which  they  are  performed,  we  are  wholly 
insensible.  There  can,  therefore,  be  no 
reason  to  suppose  that  these  functions 
are*  attended  with  consciousness  in 
the  vegetable,  in  which  all  the  processes 
are  so  much  more  simple.  No  motions 
of  the  vegetable  indicate  spontaneity 
more  strikingly  than  the  motions  by 
which  a  wound,  attended  with  the  loss  of 
substance,  is  healed  in  the  animal  body. 
In  this  process  new  fibres  are  formed, 
which  arrange  themselves,  not  only  as  if 
they  were  animated  and  intelligent,  but 
the  degree  of  wisdom  with  which  they 
are  disposed  is  perfect :  yet  all  this  is 
effected,  not  only  without  our  having  the 
least  knowledge  of  the  mode  in  which  it 
is  done,  but  even  without  our  being 
sensible  that  it  is  done  at  all. 

The  distinctions  we  have  endea¬ 
voured  to  establish  between  animal  and 
vegetable  bodies  remain  therefore  un¬ 
subverted  ;  but,  besides  these,  which 
may  be  considered  as  primary,  there  are 
other  characters  by  which  they  are  dis¬ 
tinguished,  which,  though  not  so  essen¬ 
tial,  are  still  very  striking. 

Vegetables  in  general  are  separable 
by  a  hoi'izontal  line  into  two  parts,  one 
of  which  ascends  and  is  contained  in  the 
air ;  the  other  descends  and  is  contained 
in  the  earth.  Animals  in  general  are 
separable  by  a  vertical  line  into  two  equal 
halves,  whence  their  body  is  said  to  be 
symmetrical,  that  is,  divisible  by  a  me¬ 
dian  and  vertical  fine  into  two  equal 
and  similar  lateral  portions.  Vegetables 
consist  of  an  areolated  tissue  w’hieh  is 
often  firm,  hard,  and  unyielding;  of 
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ascending  and  descending  vessels ;  of 
spiral  tubes ;  and  of  peculiar  fusiform 
bodies  termed  closters.  Animals  con¬ 
sist  of  an  areolated  tissue,  which  is  al¬ 
ways  soft  and  elastic,  and  which  for  the 
most  part,  at  least  in  all  the  higher  ani¬ 
mals,  is  moulded  into  vessels  which  per¬ 
form  a  proper  circulation.  The  organs 
of  vegetables,  few  and  simple,  are  placed 
on  the  exterior  of  the  body :  the  organs 
of  animals,  extremely  numerous,  often 
wonderfully  complicated,  are  almost 
always  placed  in  the  interior  of  the  body. 
Vegetables  consist  of  three  ultimate  prin¬ 
ciples  only,  namely,  carbon,  oxygen,  and 
hydrogen:  animals  consist  of  four  ulti¬ 
mate  principles,  namely,  carbon,  oxygen, 
hydrogen,  and  azote.  Some  few  vegeta¬ 
bles,  it  is  true,  contain  a  minute  quan¬ 
tity  of  azote,  but  even  in  these  this  sub¬ 
stance  is  confined  to  particular  parts  of 
the  plant,  and  does  not  enter  as  a  consti¬ 
tuent  element  into  its  composition. 

The  simplicity  of  the  structure  of  the 
vegetable  exhibits  a  striking  contrast  to 
the  complexity  of  the  animal  organiza¬ 
tion  ;  yet  nothing  is  given  to  the  animal 
which  its  mode  of  life  does  not  abso¬ 
lutely  require.  For  the  simple  functions 
performed  by  the  vegetable,  a  simple 
structure  is  sufficient;  for  the  compli¬ 
cated  functions  exercised  by  the  animal, 
complicated  organs  are  indispensable. 
Nature  is  never  prodigal  and  seldom 
profuse.  The  addition  of  the  peculiar 
faculties  of  the  animal  rendered  a  modi¬ 
fication  of  the  common  or  vegetative 
faculties  absolutely  necessary — a  modi¬ 
fication  which  could  not  be  effected 
without  increasing  the  complexity  of  the 
mechanism.  The  vegetable,  fixed  to  the 
soil  which  contains  its  nourishment  by 
'ts  roots  which  absorb  that  nourishment, 
requires  no  special  organ  for  holding 
and  accumulating  its  alimentary  matter. 
The  animal,  not  being  fixed  to  the 
soil,  endowed  with  the  power  of  loco¬ 
motion,  constantly  changing  and  delight¬ 
ing  to  change  its  place,  must  transport 
with  itself  the  nourishment  necessary 
for  its  support.  Hence  the  necessity  of 
a  special  organ  for  containing  its  ali¬ 
ment  :  hence  the  necessity  of  modifying 
its  mode  of  nutrition.  That  modifica¬ 
tion  is  made,  in  general,  by  furnishing 
the  animal  with  an  internal  cavity,  within 
which  it  deposits  the  substances  proper 
for  its  nourishment.  In  the  coats  which 
form  the  walls  of  this  cavity  are  placed 
the  orifices  of  vessels  which  absorb  the 
nutrient  particles.  This  cavity,  with  its 
contents,  is  to  the  animal  what  the  soil 


is  to  the  vegetable,  and  ifs  absorbing 
vessels  constitute  the  internal  roots  of 
the  animal. 

A  second  modification,  equally  indis¬ 
pensable,  arises  out  of  the  necessity  of 
conveying  the  nutritive  matter  to  dif¬ 
ferent  parts  of  the  body.  A  considerable 
force  is  required  to  propel  the  nutritive 
fluid  over  its  extended  surface.  For  the 
supply  of  this  force  new  expedients  must 
be  adopted:  there  must  be  a  circulation  of 
the  nutritive  fluid:  for  this  purpose  ves¬ 
sels  must  be  furnished  to  contain  the 
fluid,  and  an  engine  must  be  constructed 
capable  of  generating  a  force  adequate 
to  communicate  to  k  the  requisite  im¬ 
pulse.  It  is  easy  to  see  that  a  commu¬ 
nication  must  next  be  established  be¬ 
tween  the  digestive  organ  and  the  vessels 
which  carry  on  the  circulation.  And 
thus,  if  we  were  to  trace  the  animal  or¬ 
ganization  to  its  highest  state  of  com¬ 
plexity,  we  should  perceive  that  that 
complexity  was  absolutely  requisite  for 
the  due  exercise  of  the  higher  faculties 
with  which  these  higher  beings  are  en¬ 
dowed. 

The  matter  of  which  organic  bodies 
consist  is  precisely  the  same  as  that 
which  is  found  in  the  inorganic :  it  is 
not  a  difference  in  the  nature  of  their 
component  particles,  but  a  difference  in 
their  arrangement,  that  constitutes  the 
essential  distinction  between  those  two 
great  classes :  the  very  name  of  organic 
bodies  points  to  this  fact;  for  they  are 
denominated  organic,  because  the  mat¬ 
ter  of  which  they  consist  is  invariably 
arranged  in  a  peculiar  manner  termed 
organization.  Dead,  or  inorganic  matter, 
arranged  in  this  peculiar  manner,  and 
modified  according  to  certain  unknown 
laws,  becomes  organic :  what  the  modifi¬ 
cation  is  by  which  inorganic  is  converted 
into  organic  matter  we  are  wholly  igno¬ 
rant. 

It  has  been  stated  that  the  ultimate 
elements  of  vegetable  bodies  are  reducible 
to  three,  namely,  oxygen,  hydrogen,  and 
carbon,  the  former  existing  in  a  gaseous, 
and  the  latter  in  a  solid  state.  The  ulti¬ 
mate  elements  of  animal  bodies  are  four, 
namely,  oxygen,  hydrogen,  carbon,  and 
azote.  In  the  animal  body  are  also 
found  the  following  elementary  or  simple 
substances,  phosphorus,  calcium :  these 
are  found  in  very  considerable  quantity: 
sulphur,  iron,  manganese,  silicium, 
iodine,  chlorine :  these  exist  ih  minute 
quantities :  and  to  this  list  it  may,  per¬ 
haps,  be  proper  to  add  caloric,  light,  the 
electric  and  the  magnetic  fluids. 
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Having  premised  these  fundamental 
observations  relative  to  the  nature,  the 
properties,  and  the  distinctions  of  in¬ 
organic  bodies,  and  of  vegetable  and 
animal  beings,  we  proceed  to  give  a  more 
particular  account  of  the  structure  and 
functions  of  the  animal  body. 

If  we  examine  an  animal  high  in  the 
scale  of  organization,  we  are  struck 
with  the  variety  of  its  component  parts 
and  with  the  complexity  of  their  struc¬ 
ture.  By  analytical  investigation,  it  is 
ascertained  that  these  parts,  various  and 
complex  as  they  appear,  consist  only  of 
the  elementary  bodies  which  have  been 
just  enumerated,  and  which  are  called 
elementary,  because  they  are  not  capa¬ 
ble  of  reduction,  by  any  known  process, 
into  substances  that  are  more  simple. 
These  inorganic  substances  combine 
together  in  different  numbers  and  dif¬ 
ferent  proportions,  under  the  unknown 
circumstances  which  constitute  the  con¬ 
dition  of  life,  and  thus  form  all  existing 
varieties  of  organic  matter. 

By  synthetical  investigation,  it  is 
ascertained  that  some  of  these  elements 
combine  together  in  definite  proportions, 
namely,  three  and  three,  four  and  four, 
and  so  on :  the  result  of  such  combina¬ 
tions  is  the  formation  of  what  are  termed 
the  Proximate  Principles  of  animals.  A 
proximate  principle  is  the  primary  com¬ 
bination  of  two  or  more  of  the  elemen¬ 
tary  substances  in  definite  proportions. 
Of  these  the  chief  are  albumen,  fibrin, 
gelatin,  mucus,  casein,  olein,  urea,  uric 
acid,  osmazome,  &c. 

The  component  substances  of  the 
animal  body  are  invariably  disposed  in 
two  forms — fluids  and  solids.  The  fluids 
are  contained  in  the  solids:  both  are 
mutually  dependent ;  both  possess  an 
analogous  composition  ;  both  are  in  con¬ 
tinual  motion  and  pass  without  ceasing 
from  the  one  into  the  other.  Every  animal 
consists  of  a  union  of  both  ;  that  union 
is  indispensable  to  animal  life. 

Of  the  Animal  Fluids. 

The  absolute  quantity  of  the  fluids 
contained  in  the  animal  body  it  is  difficult 
to  ascertain,  because  it  varies  according 
to  varying  circumstances,  and  in  the 
same  animal  is  different  at  different 
periods  of  life,  and  according  to  the  state 
of  health  and  of  disease.  Invariably 
the  younger  the  animal  the  greater  the 
quantity  of  the  fluids.  The  embryo  of 
ail  animals  when  it  first  becomes  appre¬ 
ciable  by  the  senses,  appears  to  be 
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almost  entirely  fluid.  As  it  grows  and 
is  developed,  solid  parts  are  gradually 
added.  The  quantity  of  the  fluids  suc¬ 
cessively  diminishes  until  the  animal 
arrives  at  mature  age. 

Many  experiments  have  been  made  to 
ascertain  the  relative  proportion  of  the 
fluids  to  the  solids  in  the  human  body. 
Chassier  placed  a  dead  body,  weighing 
120  lbs.,  in  a  heated  oven  :  after  desic¬ 
cation  for  several  days  he  found  the 
weight  reduced  to  12  lbs.  In  mummies, 
in  which  the  abstraction  of  the  fluids  is 
complete,  there  is  always  found  a  re¬ 
markable  diminution  of  weight,  some  of 
them  not  weighing  more  than  7  lbs. 
The  proportion  of  the  fluids  to  the  solids 
at  the  adult  age  in  man  is  estimated, 
according  to  the  lowest  computation,  as 
6  to  1 ,  and  according  to  the  highest,  at 
10  to  1. 

The  fluids  differ  greatly  in  their  den¬ 
sity.  Some  exist  in  the  state  of  gas: 
others  in  the  state  of  vapour :  some  are 
extremely  thin  and  transparent,  as  that 
of  the  serous  membranes,  or  the  mem¬ 
branes  which  line  the  great  cavities  of 
the  body,  as  the  thorax  and  abdomen : 
others  possess  considerable  consistence, 
as  some  of  those  secreted  by  the  mucous 
membrane— the  membrane,  for  exam¬ 
ple,  that  lines  the  air-passages.  Some 
exist  in  exceedingly  minute  quantity,  as 
the  delicate  fluid  contained  in  the  inter¬ 
nal  organ  of  hearing:  others  form  a 
large  part  of  the  bulk  of  the  body,  as 
the  blood.  Some  are  intimately  com¬ 
bined  with  the  animal  solid  ;  other's  are 
contained  in  minute,  delicate,  solid  areo¬ 
lae:  some  are  poured  out  on  the  sur¬ 
face  of  solids,  particularly  of  mem¬ 
branes  ;  others  are  contained  in  mem¬ 
branous  bags  or  reservoirs,  and  a  great 
number  are  contained  in  distinct  vessels. 

They  are  composed  for  the  most  part 
of  water,  in  which  the  various  compo¬ 
nent  substances  of  the  body  are  held  in 
solution.  It  is  a  very  curious  fact,  that 
many  of  them  consist  of  masses  of  glo¬ 
bules.  These  globules  can  in  general 
be  seen  only  by  the  microscope.  They 
were  discovered  almost  as  soon  as  the 
microscope  was  invented,  but  the  obser¬ 
vation  was  very  generally  neglected  until 
recently.  For  reasons  which  can  scarcely 
be  explained  at  present,  the  fact  is  found 
to  possess  great  interest  and  importance ; 
and,  at  this  very  time,  some  of  the  most 
intelligent  and  skilful  physiologists  are 
engaged  in  investigating  the  subject,  so 
that  it  is  probable  that  many  things, 
which  must  now  be  considered  a.”  doubt- 
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ful,  will  soon  be  determined.  These  glo¬ 
bules  are  found  principally  in  the  nutri¬ 
tive  fluids,  namely,  the  chyme,  the  chyle, 
the  lymph,  the  blood,  and,  in  some  of 
the  secreted  fluids,  as  milk,  pus,  and 
so  on1! 

The  properties  of  the  fluids  are  either 
physical,  chemical,  or  vital.  There  would 
be  no  utility  in  exhibiting  a  collective 
view  of  these  physical  properties  :  it  will 
he  better  to  consider  each  separately, 
when  the  more  important  fluids  are 
treated  of  in  detail.  Their  chemical  pro¬ 
perties  are  very  important.  All  the 
great  actions  of  life  are  intimately  con¬ 
nected  with  them.  Their  influence  over 
all  the  processes  which  are  constantly 
going  on  in  the  economy  is  so  great,  that 
if  the  body  may  be  called  a  machine,  as, 
from  the  admirable  adjustment  of  its 
various  parts,  it  may  be  termed  with 
striking  appropriateness,  it  may  at  least 
with  equal  truth  be  denominated  a  la¬ 
boratory,  in  which  the  most  important 
and  extensive  chemical  actions  are 
taking  place  every  instant.  In  general 
the  chemical  composition  of*  the  fluids 
is  the  same  as  that  of  the  solids  :  both 
contain  the  same  proximate  principles — 
albumen,  gelatin,  fibrin,  and  so  on ;  and 
in  the  living  body  there  is  a  continual 
transformation  of  fluids  into  solids,  and 
of  solids  into  fluids.  Whatever  may  be 
the  case  with  the  other  fluids,  the  blood 
at  least  exhibits  phenomena  which  are 
perfectly  analogous  to  those  of  the  living 
solid.  If  blood  be  taken  from  an  artery 
or  vein,  and  kept  at  rest  at  the  same 
temperature  which  it  possesses  in  the 
living  body,  after  a  certain  time  it  under¬ 
goes  the  process  of  coagulation  ;  that  is, 
it  separates  into  several  distinct  portions, 
some  of  which  are  fluid  and  some 
solid :  it  is  now  no  longer  a  fluid  sub¬ 
stance  ;  it  dies ;  and  this  change  into  a 
substance  partly  fluid  and  partly  solid, 
takes  place,  it  is  conceived,  subsequently 
to  its  death,  and  in  consequence  of  its 
death,  because,  as  long  as  it  conti¬ 
nues  to  be  a  living  fluid  in  a  living  ves¬ 
sel,  it  preserves  its  fluidity.  Nor  does  it 
owe  the  maintenance  of  its  fluidity  to  its 
circulation  ;  to  mere  motion  at  a  given 
temperature  :  for  experiments  have  been 
performed,  in  which  the  circulation  of 
the  blood  has  been  imitated  in  artificial 
tubes,  kept  at  the  natural  temperature 
of  the  blood ;  but,  even  under  these  cir¬ 
cumstances,  this  fluid  has  always  coa¬ 
gulated,  just  as  if  it  were  in  a  state  of 
perfect  rest :  the  inference  is,  that  the 
blood  maintains  its  fluidity  in  the  living 


body,  in  consequence  of  its  being  en¬ 
dowed  with  the  property  of  life.  The 
blood  may  be  shot  dead  instantaneously, 
as  it  is  by  a  stroke  of  lightning.  It  is 
also  subject  to  manifest  disease,  as  is 
strikingly  exemplified  in  certain  cases  of 
poison,  in  certain  kinds  of  fever,  and 
in  the  remarkable  disease  termed  scurvy; 
but  nothing  irnthe  slightest  degree  analo¬ 
gous  to  the  ptienomena  of  disease  can 
be  exhibited  by  any  body  which  is  not 
endowed  with  life. 

The  fluids  have  been  differently  ar¬ 
ranged,  from  time  to  time,  according  to 
the  different  doctrines  which  have  suc¬ 
cessively  prevailed  in  the  schools.  The 
ancients  conceived  that  there  were  four 
elements,  out  of  which  every  substance, 
inorganic  and  organic,  was  formed.  In 
conformity  with  this  notion,  they  divided 
the  fluids  of  the  animal  body  into  four 
principal  humors :  namely,  the  blood, 
the  lymph  or  pituita,  the  yellow  bile,  and 
the  black  bile.  While  it  is  difficult  to 
form  a  perfect  arrangement,  physiologists 
have  suggested  different  principles  as  the 
basis  of  division,  i.  Some  have  proposed 
to  found  it  on  the  use  which  the  fluids 
serve  in  the  economy.  According  to 
this  principle,  the  fluids  have  been  di¬ 
vided  into  primary  and  secondary.  The 
primary  are  the  alimentary,  or  the  recre- 
mentitious ;  these  include  the  fluids, 
which  conduce  to  the  nutriment  of  the 
body.  The  secondary,  or  the  excremen  - 
titious,  comprehend  those  which  are  se¬ 
creted,  in  order  to  be  carried  out  of  the 
body  ;  that  is,  in  order  to  remove  from 
the  system  principles  which  are  either 
useless  or  noxious,  ii.'  Others  have 
proposed  to  class  the  fluids  according 
to  their  mode  of  formation.  Hence  they 
divide  them  into — 1.  Chyme,  Chyle; 
2.  Lymph  ;  3.  Blood ;  4.  Fluids  of  per¬ 
spiration,  and  exhalation  ;  5.  Follicular 
fluids ;  G.  Glandular  secretions. — iii.  A 
third  suggestion  is  to  divide  them  into 
four  great  classes:  namely,  1.  Those 
which  form  the  blood ;  2.  The  blood 
itself;  3.  Those  which  are  formed  from 
the  blood  ;  4.  Those  which  are  returned 
to  the  blood  from  all  the  parts  of  the 
body.  This  arrangement  is  simple  and 
comprehensive,  but  perhaps  the  most 
convenient  is  that  which  is  founded  on 
the  chemical  composition  of  the  fluids, 
iv.  According  to  this  principle,  the  fluids 
are  arranged  into  the  eight  following 
classes : — 1.  The  aqueous  ;  2.  The  albu¬ 
minous  ;  3.  The  mucous ;  4.  The  gelati¬ 
nous  ;  5.  The  fibrinous ;  6.  The  oleagi¬ 
nous  ;  7.  The  resinous ;  8,  The  saline. 
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The  advantages  of  this  classification  are, 
first,  that  for  every  fluid  an  appropriate 
place  is  readily  found ;  and,  secondly, 
that  as  all  the  fluids  are  secretions,  this 
arrangement  will  prove  useful  in  treat¬ 
ing  of  the  function  of  secretion,  and  in 
enabling  us  to  exhibit  a  comprehensive 
view  of  the  products  formed  by  that 
process. 

Of  the  Animal  Solids. 

The  solid  parts  of  the  animal  body  are 
derived  from  the  fluids.  They  are  formed 
out  of  them  by  a  peculiar  process,  here¬ 
after  to  be  described,  termed  secretion. 
After  the  solids  are  once  formed,  they 
depend  for  their  integrity  upon  a  conti¬ 
nual  supply  of  the  fluids. 

In  the  human  body,  the  proportion  of 
the  solids  to  the  fluids  has  been  already 
stated  to  be  about  one  part  in  nine  or 
ten.  The  solids  are  composed  of  the 
same  physical  substances  as  the  fluids  ; 
are  reducible  by  analysis  to  the  same 
chemical  elements,  and  form,  by  the 
primary  combination  of  these  elements, 
the  same  proximate  principles. 

Every  animal  solid  is  either  concrete 
or  fibrous  :  that  is,  it  is  either  without 
arrangement,  like  jelly  or  glue,  or  it'  is 
disposed  in  the  form  of  minute  threads, 
which  are  termed  fibres.  When  arranged 
in  different  structures,  these  fibres  either 
retain  the  form  of  threads,  or  are  dis¬ 
posed  in  minute  plates  or  laminae :  hence, 
whatever  animal  structure  be  examined, 
it  is  found  to  be  either  fibrous  or  lami- 
nous. 

In  combining  to  form  the  different 
animal  structures,  the  solid  parts  are 
disposed  in  a  great  variety  of  modes. 
Of  these,  the  chief  are  into  filaments, 
fibres,  tissues,  organs,  apparatus,  and 
systems. 

The  filament  is  the  elementary  solid. 
A  fibre  consists  of  a  number  of  fila¬ 
ments  united  together.  A  tissue  is  com¬ 
posed  of  fibres,  arranged  in  a  particular 
order.  An  organ  is  a  compound  body, 
consisting  of  a  specific  arrangement  of 
different  tissues.  The  most  simple  organ 
is  always  a  very  compound  body.  If  we 
examine  a  muscle,  for  example,  we  find 
that  it  consists  first  of  the  muscular 
fibre  ;  then  of  a  distinct  envelop,  formed 
of  a  particular  tissue,  the  cellular,  and 
next  of  a  peculiar  substance  termed 
tendon.  In  like  manner  a  nerve  con¬ 
sists  of  a  substance  of  a  peculiar  nature, 
constituting  the  nervous  matter,  which 
is  always  inclosed  in  a  distinct  mem¬ 
brane,  termed  the  neurilema.  The  most 


simple  gland  consists  of  a  congeries  of 
many  different  vessels,  united  by  cellu¬ 
lar  tissue.  The  eye,  the  ear,  the  viscera, 
are  exceedingly  complicated  organs, 
consisting  of  many  different  tissues, 
arranged  in  many  different  modes.  Every 
organ  performs  a  specific  action,  or 
exercises,  as  it  is  termed,  a  particular 
function.  Life  is  always  observed  in 
connexion  with  the  exercise  of  these 
functions :  hence  the  organs  are  termed 
the  instruments  of  life. 

An  apparatus  is  an  assemblage  of 
different  organs,  all  of  which  concur  to 
the  production  of  some  definite  object. 
The  apparatus  of  digestion,  for  example, 
consists  of  the  organs  of  mastication,  of 
the  organs  of  deglutition,  of  the  stomach, 
of  the  duodenum,  of  the  pancreas,  of 
the  liver,  of  the  lacteal  and  absorbent 
vessels,  and  of  the  glands  connected  with 
these  vessels,  to  which  ought  in  strict¬ 
ness  to  be  added  the  lungs.  Numerous 
and  different  as  these  organs  are,  varied 
and  even  opposite  as  is  their  action,  yet 
they  all  concur  to  one  end,  namely,  the 
formation  of  blood.  The  organs  which 
compose  an  apparatus,  individually  con¬ 
sidered,  may  be  exceedingly  different  in 
their  structure  and  function.  They  may 
have  nothing  similar  in  organization ; 
the  products  of  their  action  may  be  of 
opposite  natures ;  but  they  are  asso¬ 
ciated  together  in  one  class,  on  account 
of  their  conjoint  operation  in  the  pro¬ 
duction  of  some  common  end. 

A  system,  on  the  contrary,  is  an 
assemblage  of  organs,  all  of  w'hich  pos¬ 
sess  the  same,  or  an  analogous  struc¬ 
ture.  Thus  all  the  bones  of  the  body, 
however  different  in  figure,  in  magni¬ 
tude,  in  disposition,  have  one  common 
structure :  hence  they  are  all  associated 
in  one  great  class,  which  is  termed  the 
osseous  system.  In  like  manner, 
whatever  be  the  form,  disposition,  or 
action,  of  the  different  muscles,  they  all 
possess  one  common  structure,  and 
therefore  are  arranged  into  one  class, 
termed  the  muscular  system.  For  the 
same  reason,  all  the  vessels  of  the  body 
are  classed  together  under  the  name  of 
the  vascular  system ;  all  the  ligaments 
under  the  name  of  the  ligamentous  sys¬ 
tem,  all  the  nerves  under  that  of  the 
nervous  system,  and  so  on. 

Some  of  these  tissues  are  so  exten¬ 
sive,  are  found  in  so  many  parts  of  the 
body,  and  enter  in  so  large  a  proportion 
into  the  composition  of  all  the  different 
organs,  that  they  are  distinguished  by 
the  appellation  of  common.  Thus  phy- 
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siologists  speak  of  the  common  cellular 
tissue,  of  the  common  integuments,  or 
the  common  dermoid  tissue,  or  skin, 
and  so  on. 

Taking  this  view  of  the  animal  body, 
which  is  a  truly  physiologioal  view,  we 
may  say,  that,  excepting  in  the  very 
lowest  animals  which  appear  to  consist 
of  a  homogeneous  substance  similar 
to  jelly,  it  may  be  considered  as  an  ag¬ 
gregate  formed  of  a  number  of  organs  ; 
that  each  organ  is  itself  composed  of  a 
variety  of  tissues,  and  that  each  tissue 
s  more  or  less  common  to  all  the  organs. 

Varied  and  almost  innumerable  as  the 
different  solids  at  first  view  appear  in 
the  higher  animals,  as  in  man,  yet,  when 
attentively  examined,  it  is  found  that 
they  may  be  all  included  in  the  follow¬ 
ing  substances,  namely,  bones,  with  their 
cartilages  and  ligaments,  which  may  be 
considered  as  appendages  to  the  bones  ; 
muscles  with  their  tendons  ;  membranes 
of  various  descriptions ;  sacs  of  different 
structures  ;  vessels  of  different  kinds, 
and  nervous  matter.  There  is  no  solid 
of  the  body  which  may  not  be  compre¬ 
hended  under  one  or  other  of  these  sub¬ 
stances.  And  these  substances  again, 
widely  different  as  they  appear  both  in 
composition  and  structure,  may  all  be 
reduced  by  careful  and  accurate  analysis 
to  three,  namely,  the  Cellular,  the  Mus¬ 
cular,  and  the  Nervous  Tissues. 

1 .  Of  the  Cellular  Tissue. 

Of  all  the  animal  solids  the  cellular 
tissue  is  the  most  simple  in  structure, 
the  most  abundant  in  quantity,  and 
the  most  extensively  diffused.  It  enters 
as  a  constituent  element  into  every 
other  solid.  It  composes  the  main  bulk 
of  bones ;  the  strength,  and  hardness  of 
these  firm  and  solid  bodies  depending  on 
anearthy  matterdeposited  in  cells  formed 
of  cellular  tissue.  It  affords  an  external 
sheath  to  every  muscle ;  it  is  interposed 
between  every  fibre,  of  which  every 
muscle  consists ;  it  incloses  in  a  distinct 
envelop  every  nervous  fibre  ;  it  com¬ 
poses  almost  the  entire  bulk  of  tendon, 
ligament,  and  cartilage  ;  it  enters  largely 
into  the  composition  of  hair,  nails,  and 
other  similar  parts  connected  with  the  sur¬ 
face  of  the  body.  The  enamel  of  the  teeth 
is  said  to  be  the  only  solid  in  which  it  can¬ 
not  be  detected.  It  unites  together  all 
the  different  parts  of  the  body ;  it  fills 
up  all  the  intervals  between  them.  Were 
it  possible  to  remove  from  the  bones 
their  earthy  particles,  and  from  the  soft 
parts  the  muscular  fibres,  the  nervous 


matter,  and  the  fat ;  were  it  possible  at 
the  same  time  to  empty  the  vessels  and 
to  evaporate  the  fluids,  the  body  would 
remain  nearly  of  the  same  size,  and  be 
sustained  nearly  of  the  same  form  by 
means  of  this  substance  alone.  It  may 
therefore,  be  considered  as  the  basis  to 
which  all  the  other  parts  of  the  body  are 
attached ;  as  the  mould  into  which  all 
the  other  kinds  of  matter  are  deposited. 

When  examined  with  the  naked  eye, 
and  gently  distended,  this  substance  is 
found  to  be  composed  of  fibres  or 
threads  of  extreme  delicacy,  finer  than 
the  finest  cobweb.  These  fibres  inter 
sect  each  other  in  all  directions,  so  as 
to  leave  between  them  minute  spaces 
which  are  termed  areolae,  or  cells. 
(Fig.  l.J 

It  is  from  this  cellular  appearance 
that  the  tissue  derives  its  name.  But  this 
cellular  arrangement  disappears  immedi¬ 
ately  when  the  distension  is  discontinued. 
Without  mechanical  distension  there  is 
no  appearance  of  cells  either  in  the  living 
or  the  dead  body.  The  fibre  itself  is 
solid.  It  was  to  demonstrate  this,  in 
opposition  to  the  opinion  of  Boerhaave, 
who  conceived  that  the  ultimate  fibre  is 
a  vessel,  that  Haller  engaged  in  those 
laborious  investigations  which  have 
made  anatomists  and  physiologists  so 
intimately  acquainted  with  the  structure 
and  distribution  of  this  substance.  The 
result  of  the  researches  of  this  celebrated 
physiologist  was  the  establishment  of  the 
fact,  that  the  basis  of  the  animal  frame 
is  a  solid  fibre  to  which  the  vessels  are 
added  as  distinct  appendages. 

Of  the  cellular  tissue  are  composed— 
1.  membrane  ;  2.  bones ;  3.  the  sheaths 
which  inclose  the  more  tender  and  deli¬ 
cate  structures ;  4.  the  substance  by 
which  the  different  parts  of  the  body  are 
united  together;  5.  the  substance  by 
which  the  interstices  between  the  dif¬ 
ferent  parts  are  filled  up.  Of  all  these 
substances,  by  far  the  most  extensive 
and  important  is  membrane.  The  great 
bulk  of  the  animal  solids  consists  of  mem¬ 
brane,  that  is,  of  cellular  tissue  arranged 
in  the  form  of  membrane.  1 .  Membrane 
forms  the  general  covering  of  the  body, 
lining  every  part,  both  of  its  external 
and  internal  surfaces.  2.  It  affords  a 
particular  covering  for  its  individual 
structures.  3.  It  lines  all  the  cavities  in 
which  the  principal  organs  are  situated. 
4.  It  composes  the  principal  part  of  all 
vessels.  5.  It  forms  what  is  termed  the 
parenchyma,  or  the  solid  part  of  all  the 
viscera,  6,  It  constitutes  the  main  bulk 
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of  all  glands,  whether  those  which  are 
appropriated  to  the  office  of  secretion, 
or  those  which  are  attached  to  the  ab¬ 
sorbent  system. 

Membranes  are  divided  into  different 
kinds,  each  of  which  performs  distinct 
and  appropriate  offices  in  the  economy. 
1.  Serous  membranes;  those  which 
comprise  all  the  sacs  or  shut  cavities 
of  the  body,  such  as  those  of  the  chest 
and  abdomen.  2.  Mucous  membranes ; 
those  which  line  all  the  air-passages  ; 
compose  all  the  air-cells  of  the  lungs  ; 
invest  the  whole  track  of  the  alimentary 
canal  from  the  mouth  to  the  anus,  and 
thus  form  a  principal  part  of  the  exten¬ 
sive  and  important  organs  of  respiration, 
digestion,  and  excretion.  3.  Fibrous 
membranes  ;  those  which  compose  ten¬ 
don,  aponeurosis,  ligament,  and  so  on. 
However  widely  many  of  these  sub¬ 
stances  differ  from  each  other  in  their 
general  aspect  and  even  in  their  intimate 
structure,  yet  that  they  are  all  modifi¬ 
cations  of  cellular  tissue,  the  evidence 
is  so  complete,  that  few  anatomists  or 
physiologists  of  the  present  day  dispute 
it ;  and  recent  investigations  have  elicited 
new  facts  which  directly  prove  the  cor¬ 
rectness  of  the  opinion. 

2.  Of  the  Muscular  Tissue. 

The  second  tissue,  which,  on  an  ana¬ 
lysis  of  the  animal  solid,  is  found  to  enter 
into  the  composition  of  the  body,  is  the 
muscular.  This  tissue  consists  of  a  sub¬ 
stance  of  a  peculiar  nature,  which  is 
arranged  in  the  form  of  fibres  of  ex¬ 
treme  delicacy.  When  examined  by 
the  naked  eye,  and  taken  in  its  most 
recent  state  from  the  dead  body,  these 
fibres  appear  soft,  reddish  coloured, 
solid,  of  various  diameter,  placed  parallel 
and  close  to  each  other  (fig.  3 ). 

Fig.  3. 


The  musular  tissue  is  arranged  in  two 
different  modes ;  first,  in  the  masses 
properly  termed  muscles,  and,  secondly, 
in  a  thin  membrane-like  expansion, deno¬ 
minated  muscular  coats.  Proper  muscles 
are  composed  of  filaments  (fig.SJ  :  the 
aggregation  of  a  number  of  filaments 
forms  what  is  termed  a  fibre  (fig.  3)  : 
fibres  are  collected  into  small  bundles 
which  are  called  fasciculi  (fig.  4). 

Fig.  4. 


Prochaska,  who  has  employed  incredi¬ 
ble  labour  in  investigating  the  mechani¬ 
cal  arrangement  of  the  muscular  fibres, 
and  whose  account  is  the  most  exact, 
maintains  in  the  most  positive  manner, 
that  the  ultimate  filament  is  discernible, 
and  that  it  is  always  and  everywhere  of 
the  same  magnitude.  He  computes  its 
size  to  be  about  1-5 Oth  part  of  the  dia¬ 
meter  of  the  red  globule  of  the  blood. 
Fig.  5  represents  two  ultimate  fila¬ 


Fig.  5. 


ments  ;  fig.  3  represents  a  number  of 
filaments  united  together  to  form  a 
fibre ;  fig.  4  represents  numerous  fibres 
united  together,  the  whole  forming  a 
fasciculus. 

Other  anatomists  maintain  that  it  is 
only  the  imperfection  of  our  senses  and 
instruments  which  leads  us  to  imagine 
we  can  perceive  an  ultimate  filament. 
They  suppose  that  the  division  of  the 
filament  does  not  stop  where  it  seems  to 
us  to  terminate,  and  that  if  our  vision 
were  improved,  we  should  see  that  it  still 
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goes  on  dividing  and  subdividing  in¬ 
definitely. 

The  ultimate  filament,  as  far  as  has  yet 
been  observed,  is  destitute  of  any  cellu¬ 
lar  covering ;  but  every  fibre  is  inclosed 
in  a  distinct  cellular  sheath  (fig.  6J: 

Fig.  6. 


fl,  representing  the  fibres  covered  by  the  sheath  ; 
b,  the  fibres  with  the  sheath  removed. 

every  fasciculus  is  also  inclosed  in  its 
own  envelop  (fig.  4 .)  ;  and  lastly,  the 
muscle  itself  is  invested  with  a  separate 
cellular  coat  which  covers  it  completely 
at  every  point,  excepting  where  its  ends 
are  attached  to  the  bones. 

The  muscular  fibres  which  are  dis¬ 
posed  in  the  form  of  a  membranous 
expansion,  and  which  constitute  the 
muscular  coats,  appear  to  the  eye  to  be 
very  different  from  proper  muscles,  but 
they  only,  or  at  least  chiefly,  differ  in 
the  mechanical  arrangement  of  their 
fibres :  the  natnre  of  both  is  precisely  the 
same.  Their  fibres,  instead  of  being 
collected  into  fasciculi,  are  disposed  in 
layers,  and  instead  of  being  parallel  they 
interlace  (fig.  7,  a)  ;  and  according  to 
Prochaska  even  anastomose,  that  is, 
join  each  other  by  a  union  of  substance 
(fig.  7,  b). 

Fig.  7. 


3.  Of  the  Nervous  Tissue. 

The  third  tissue,  into  which  the  animal 
solid  is  resolvable,  is  the  nervous.  The 
nervous  tissue  consists  of  two  sub¬ 
stances,  which,  as  far  as  the  eye  can 
distinguish,  appear  to  be  entirely  dis¬ 
tinct  from  each  other.  The  one  is  some¬ 
times  named,  from  its  colour,  cineritious 
or  grey;  from  its  position,  cortical; 
and,  from  its  consistence,  pulpy  or  gela¬ 
tinous.  This  last  is  its  most  impor¬ 
tant  character.  It  appears  to  be  com¬ 
posed,  for  the  most  part,  of  a  congeries 
of  blood  vessels.  The  other  substance 
is  termed  white  or  medullary.  It  is  of 
firmer  consistence  than  the  pulpy.  The 
peculiar  matter  of  which  it  is  composed 
is  arranged  in  the  form  of  minute  and 
delicate  "fibres.  In  every  part  of  the 
nervous  system  which  constitutes  a  dis¬ 
tinct  nervous  apparatus,  both  substances 
are  conjoined.  Neither  the  pulpy  nor 
the  fibrous  alone  forms  a  distinct  organ : 
the  union  of  both  is  necessary  to  consti¬ 
tute  an  instrument  capable  of  perform¬ 
ing  a  specific  function. 

When  the  nervous  system  first  begins 
to  be  apparent  in  the  lower  animals,  it 
consists  only  of  minute  and  exceedingly 
delicate  threads.  In  all  the  more  per¬ 
fectly  organized  animals,  the  nervous 
substance  is  disposed  in  four  different 
modes,  forming  four  distinct  parts  or 
organs,  namely,  nerves,  ganglia  or  ap¬ 
pendages  to  particular  nerves,  the  spinal 
cord,  and  the  brain.  Of  the  three  latter 
organs,  which  are  merely  particular 
arrangements  of  the  common  mass  of 
nervous  matter,  we  shall  speak  more 
particularly  when  wre  treat  of  the  func¬ 
tions  of  the  nervous  system,  the  plan  to 
be  observed  in  this  paper  being  to  pre¬ 
cede  the  account  of  every  function  with 
a  description  of  its  apparatus. 

A  nerve  is  a  cord  of  a  white  colour 
( fig.  8,  b).  It  is  composed  of  fibres  of 


Fig.  8. 


a  a,  which  represents  the  sheath  of  the  nerve 
reflected. 
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nervous  matter  (fig.  9).  These  fibres, 
as  soon  as  they  become  visible  to  the 

Fig.  9. 


naked  eye,  are  perceived  to  differ  in  size 
from  that  of  a  hair  to  the  finest  fibre  of 
silk.  These  fibres  unite  into  bundles, 
which,  as  in  muscle,  are  called  fasciculi. 
The  fasciculi  uniting;,  form  the  cord  to 
[which  the  name  of  nerve  is  given.  As 
in  the  muscle,  the  ultimate  filament 
appears  to  be  destitute  of  any  cellular 
covering :  but  every  fibre  is  inclosed  in 
a  distinct  sheath,  of  exceedingly  delicate 
[cellular  tissue.  In  like  manner,  every 
[fasciculus  is  enveloped  in  a  similar 
[sheath ;  and,  lastly,  the  cord  itself  is 
[inclosed  in  its  own  cellular  envelop 
I  (fig.  8  a.  a).  The  cellular  covering  of 
Ithe  nerve  is  termed  its  neurilema. 

It  will  be  shown  hereafter,  that  in  the 
(vascular  system,  either  all  the  vessels 
(proceed  from  one  large  trunk,  which 


goes  on  progressively  to  divide  and  sub¬ 
divide,  until  its  branches  become  so  mi¬ 
nute  as  to  be  invisible ;  or,  on  the  other 
hand,  that  they  arise  by  numerous  and 
invisible  branches,  which  unite  to  form 
larger  and  larger  vessels,  until  they  ulti¬ 
mately  constitute  only  a  few  trunks. 
The  muscular  and  nervous  filaments 
never  divide  and  subdivide  in  this  man¬ 
ner.  It  is  the  opinion  of  the  most  emi¬ 
nent  anatomists,  that  there  is  a  diameter 
beyond  which  they  no  longer  diminish. 
That  diameter  they  maintain  is  quite 
uniform  in  each.  According  to  Fon¬ 
tana,  the  ultimate  nervous  filament  is 
about  twelve  times  larger  than  the  ulti¬ 
mate  muscular  filament.  This  accurate 
observer  represents  the  primitive  ner¬ 
vous  filaments  as  placed  close  and  pa¬ 
rallel  to  each  other,  similar  to  those  of 
the  muscles  (fig.  8  b) :  and  with  his  ac¬ 
count,  in  general,  the  descriptions  of 
Prochaska,  Monroe,  and  the  more 
recent  dissections  of  Red,  agree  in 
every  important  particular.  Red  is 
quite  positive  in  stating  that  the 
ultimate  nervous  filament  is  visible. 
Probably  the  more  correct  statement  is, 
that  there  is  a  filament  of  a  certain  dia¬ 
meter,  beyond  which  no  means  hitherto 
employed  have  succeeded  in  tracing  its 
subdivisions.  Reil  agrees  with  Fontana 
in  representing  the  ultimate  nervous  fila¬ 
ment  as  much  larger  than  the  mus¬ 
cular. 

Of  the  Elementary  Structure  of  the 
Animal  Solids. 

Hitherto  we  have  described  the  struc¬ 
ture  of  the  primitive  tissues  only  as  far 
as  they  are  visible  to  the  naked  eye. 
Thus  far  the  agreement  in  all  the  essen¬ 
tial  points,  in  the  descriptions  of  the 
most  able  observers  in  all  ages  and 
countries,  is  truly  remarkable.  The 
study  of  the  elementary  structure  of 
these  tissues  opens  a  vast  field  of  in¬ 
quiry  of  great  interest  and  importance, 
in  which  the  labourers  have  hitherto 
been  comparatively  few  ;  and  their  re¬ 
searches,  made  at  distant  intervals, 
and  neither  repeated  so  often  nor  car¬ 
ried  so  far  as  is  requisite  to  ascertain  the 
truth,  have  been  attended  with  less  satis¬ 
factory  results.  Investigations  of  this 
nature  are  attended  indeed  with  pecu¬ 
liar  difficulty.  They  require  unwearied 
perseverance,  extreme  accuracy,  great 
patience,  and  a  dexterity  with  the  hand 
united  with  a  delicate  discrimination  of 
the  eye,  that  belong  to  few,  and  the  re¬ 
quisite  use  of  which  rare  endowments 
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can  be  acquired  only  by  long  practice. 
Nor  could  such  investigations  be  suc¬ 
cessfully  pursued  at  all,  did  we  not  pos¬ 
sess  the  means  of  magnifying  the  bulk 
of  the  object  examined  many  hundred 
times  beyond  its  real  volume.  Without 
doubt  the  microscope  is  an  instrument  in 
the  use  of  which  much  caution  is  re¬ 
quired  ;  but  that,  when  care  is  taken  to 
guard  against  its  sources  of  fallacy,  it  is 
capable  of  communicating  real  and  va¬ 
luable  information,  it  were  idle  to  dis¬ 
pute.  It  is  remarkable,  that  one  of  the 
very  first  results  of  the  employment  of 
the  microscope  on  its  discovery  was  the 
detection  of  the  globular  structure  of  the 
primitive  tissues  of  the  animal  body. 
Lewenhoeck,  who,  about  the  middle  of  the 
seventeenth  century,  applied  the  micro¬ 
scope  to  the  examination  of  the  different 
tissues  of  the  human  body,  states  ex¬ 
pressly,  that  the  ultimate  filaments  of 
which  they  are  composed,  are  formed 
of  globules  of  extreme  minuteness. 
“  Having  exposed  them  (the  ultimate 
muscular  filaments)  to  my  microscope,” 
he  says,  “  I  saw  to  my  wonder  that  they 
were  made  up  of  very  small  conjoined 
globules,  which,  in  smallness,  seemed  to 
surpass  all  the  rest;  this  I  took  notice  of 
frequently.”  He  adds,  “  I  have  used  seve¬ 
ral  methods  to  see  the  particles  of  these 
carneous  filaments,  and  have  always 
found  that  they  are  composed  of  such 
parts  to  which  I  can  give  no  other  name 
than  a  globule.”  This  statement  was 
regarded  with  great  distrust :  it  was, 
however,  confirmed  by  many  able  ob¬ 
servers  ;  but  from  that  period  to  the  pre¬ 
sent,  at  different  intervals,  it  has  been 
the  subject  of  controversy,  and  the  con¬ 
troversy  continues  to  the  present  day. 
We  have  already  stated,  that  the  subject 
is  at  this  very  time  engaging  the  atten¬ 
tion  of  the  most  distinguished  physiolo¬ 
gists  of  Europe,  and  their  researches 
will  probably,  at  no  distant  period,  ascer¬ 
tain  the  truth  beyond  reasonable  doubt. 
In  the  mean  time,  we  may  give,  in  a  few 
words,  the  results  to  which  the  most 
careful  microscopical  observers  think 
they  have  arrived. 

If  the  cellular  tissue,  when  in  a  state 
perfectly  natural,  having  been  subjected 
to  no  preparation  capable  of  altering  its 
properties,  be  examined  with  a  micro¬ 
scope  of  high  magnifying  powers,  it 
appears  to  consist  entirely  of  minute 
particles,  of  a  globular  form  ( fig.  10). 
These  globules  are  arranged  in  irregular 
series,  forming  lines  of  different  lengths, 
which  take  every  possible  direction,  and 


intersect  each  other  in  every  possible 
manner.  All  these  circumstances  are 
represented  in  fig.  10.  It  is  remarkable, 
that  from  whatever  part  of  the  body  the 
tissue  be  taken,  the  arrangement  of  the 
elementary  globules,  and  their  diame¬ 
ter,  appear  to  be  uniformly  the  same. 
That  diameter  is  estimated  at  about  the 
guVuth  part  of  an  inch. 

Fig.  10. 


It  is  a  very  curious  and  interesting 
fact,  that  an  examination  of  this  tissue  in 
the  inferior  animals,  especially  in  the 
four  classes  of  the  vertebralia,  has  led  to 
the  discovery,  that  in  all  the  tribes  of  the 
mammalia,  in  birds,  in  reptiles,  in  fishes, 
it  is  composed  of  globules,  which  have 
precisely  the  same  general  appearance, 
and  which  are  exactly  of  the  same  mag¬ 
nitude.  Subsequently,  the  examination 
has  been  extended  to  invertebrated  ani¬ 
mals,  in  all  of  which  this  tissue  presents 
the  same  globular  structure,  with  this 
difference  only,  that  while  the  greater 
number  of  the  globules  are  of  the  same 
bulk  as  in  the  vertebrated  animals,  they 
are  mixed  with  others  of  a  larger  vo¬ 
lume,  it  is  supposed  because  these 
larger  globules  consist  of  a  union  of 
several  of  the  elementary. 

The  elementary  structure  of  the  mus¬ 
cular  tissue  has  been  examined  with  the 
like  care,  and  with  the  same  apparent 
result.  In  this  tissue  also,  the  ultimate 
filaments  appear  to  consist  of  globules : 
these  globules  are  arranged  in  similar 
linear  series ;  but  the  direction  of  the 
series  is  always  different  (fig.  11); 
in  the  muscular  tissue  the  direction  is 
invariably  parallel.  The  fibres  never 
intersect  each  other,  like  those  of  the 
cellular  tissue,  and  this  is  the  only 
discernible  difference,  for  they  are  of 
the  same  figure  and  magnitude  as  the 
cellular.  The  same  curious  fact  has 
been  observed  with  regard  to  the  uni¬ 
formity  of  the  structure  of  this  tissue  in 
all  the  inferior  animals,  and  the  identity 


ANIMAL  PHYSIOLOGY. 


of  the  structure  with  that  of  the  same 
tissue  in  man.  The  figure  and  diame¬ 
ter  of  the  globules,  and  the  parallel  di¬ 
rection  of  the  linear  series,  are  the  same 
in  whatever  creature  they  are  examined. 


Whatever  doubt  may  be  entertained, 
and  whatever  controversy  may  be  agi¬ 
tated  respecting  the  accuracy  of  these 
observations,  in  relation  to  the  cellular 
and  the  muscular  tissues, jfew  examiners 
have  called  in  question  the  globular 
structure  of  the  nervous  tissue.  This 
structure  is,  probably,  more  visible  in 
this  than  in  the  other  tissues,  because 
on  account  of  its  more  soft  and  delicate 
texture  it  is  more  transparent.  All  the 
physical  characters  of  the  globules  of  the 
nervous  are  identical  with  'those  of  {he 
cellular  and  muscular  tissues  {fig.  12). 
Fig.  12. 


Whether  they  are  examined  in  the  brain, 
in  the  spinal  cord,  in  the  ganglia,  or  in 
the  nerves,  they  have  the  same  figure 
and  the  same  diameter,  and  no  differ¬ 
ence  of  any  kind  can  be  distinguished 
in  them,  from  whatever  animal  the  spe¬ 
cimen  under  examination  be  taken. 

The  general  conclusion  deducible  from 
these  series  of  observations  is,  that  every 
animal  solid  consists  of  molecules,  all 
of  which  possess  a  determinate  figure 
and  a  uniform  magnitude;  and  that 
these  constitute  the  elementary  particles, 


by  the  various  combination  of  which 
all  the  tissues  of  all  animals  are  com¬ 
posed.  Supposing  the  correctness  of 
these  observations  to  be  established,  we 
might  say,  that  a  globule  of  about  the 
diameter  of  the  s^th  part  of  an  inch  is 
the  elementary  organic  molecule,  of 
which  every  solid  of  every  animal  body 
is  composed,  because  the  analysis  of 
every  such  solid  might  be  carried  on 
until  we  come  to  such  a  globule,  but  no 
further,  at  least  by  any  instrument  we 
at  present  possess.  This  globule  might, 
therefore,  be  considered  as  the  elemen¬ 
tary  organized  corpuscle.  Thus  it 
would  appear,  that  from  the  zoophyte 
up  to  man  there  is  in  the  structure  of 
all  the  different  tissues  not  only  a  most 
striking  similarity,  but  an  absolute  iden¬ 
tity.  We  know,  from  the  study  of  her 
laws,  the  simplicity  of  the  means  by 
which  nature  works ;  but  these  discove¬ 
ries  show  the  simplicity  of  the  material 
with  which  she  constructs  the  most 
varied  of  her  productions,  and  renders 
that  variety,  infinite  as  it  is,  still  more 
wonderful  and  admirable. 

The  result  of  the  preceding  researches 
suggests  the  further  inquiry,  whether 
the  globular  form  which  has  been  de¬ 
scribed  be  peculiar  to  matter  assimilated 
to  living  beings,  and  consequently  de¬ 
pend  on  the  influence  of  life ;  or  whether 
it  be  referable  to  the  influence  of  laws 
purely  physical,  in  consequence  of  which 
certain  substances  assume  this  form 
whenever  they  pass  from  the  solid  to  the 
fluid  state,  in  the  same  manner  as  salts 
in  crystallizing  are  arranged  in  deter¬ 
minate  figures^  The  experiments  which 
have  hitherto  been  made  relative  to  this 
subject  favour  the  opinion  that  it  is  the 
result  of  physical  laws.  Of  these,  one 
of  the  most  remarkable  is  that  performed 
by  Prevost  and  Dumas.  By  the  action 
of  electricity,  fluid  albumen  is  converted 
into  a  white  coagulum.  On  examining 
with  the  microscope  the  coagulum  thus 
formed,  these  physiologists  found  that 
it  abounds  with  globules  precisely  simi¬ 
lar  to  those  of  the  blood  when  deprived 
of  its  external  envelop,  and  to  those 
contained  in  serum,  milk,  and  pus. 
They  observed  also,  that  these  globules 
showed  the  same  disposition  to  form 
series,  or  aggregates,  as  in  the  primitive 
tissues.  Dr.  Edwards  has  further  esta¬ 
blished,  by  experiment,  that  the  same 
phenomenon  takes  place  whenever  the 
coagulation  of  albumen  is  effected  by 
the  action  of  heat  or  of  chemical  agents ; 
that  when  the  serum  of  the  blood,  which 
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always  contains  in  its  fluid  state  a  con¬ 
siderable  number  of  globules,  is  coagu¬ 
lated  either  by  evaporation  or  by  the 
addition  of  an  acid,  or  of  alcohol,  a  pro¬ 
digious  quantity  is  formed ;  that  the 
same  result  is  obtained  by  the  solidifica¬ 
tion  of  the  vitreous  humor  of  the  eye, 
of  the  mucus  secreted  by  the  snail, 
and  of  that  which  surrounds  the  eggs  of 
the  frog ;  that  the  same  is  the  case  with 
gelatine;  that  if  a  small  quantity  of 
acetic  acid  be  added  to  the  filaments 
which  compose  the  substance  of  the 
sturgeon,  which  is  regarded  as  almost 
pure"  jelly,  its  globulous  structure  be¬ 
comes  perfectly  manifest,  and  that  if 
this  substance  be  dissolved,  and  then 
reconverted  into  a  solid,  these  globules 
again  reappear,  and  that  precisely  the 
same  phenomenon  is  produced  by  the 
conversion  of  a  solution  of  fibrine  from 
a  fluid  to  a  solid  state.  Thus  it  appears 
that  albumen,  gelatin,  fibrin,  &c.  or  the 
proximate  animal  principles,  assume  a 
globular  form  whenever  they  pass  from 
Ihe  fluid  to  the  solid  state,  whatever  be 
the  cause  which  produces  that  change. 
If  the  uniformity  and  universality  of  this 
curious  fact  be  hereafter  established,  it 
will  probably  open  the  path  to  new  and 
interesting  discoveries  relative  to  some 
of  the  most  important  functions  of  the 
animal  economy.  In  the  mean  time  it 
may  be  observed,  that  the  view  which 
has  been  exhibited  of  the  elementary 
structure  of  the  animal  tissues,  discloses 
a  series  of  facts,  which  are  in  perfect 
harmony  with  the  ordinary  operations 
of  nature.  From  the  most  simple  vege¬ 
table  up  to  the  polypus,  from  the  most 
simple  polypus  through  all  the  ascend¬ 
ing  scale  of  being  up  to  man,  the  cha¬ 
racters  of  life  are  nearly  the  same :  that 
the  ultimate  structure  of  the  substances 
to  which  life  is  attached  should  there¬ 
fore  be  similar,  would  be  in  perfect  har¬ 
mony  with  the  great  plan  on  which  we 
know  that  all  the  operationsof  nature, with 
which  we  are  acquainted,  are  conducted. 
But  no  consideration  should  induce  us 
to  acquiesce  in  anything  as  a  fact,  until 
it  is  fully  ascertained ;  and  it  should  be 
borne  in  mind  that  the  entire  series  of 
observations  relative  to  the  globular 
structure  of  organized  bodies  is  at  pre¬ 
sent  a  subject  of  controversy,  some  of 
the  most  eminent  authorities  main¬ 
taining  that  they  are  correct,  and 
others  contending  that  they  are  fal¬ 
lacious.* 


Y 


•See  an  unpublished  pamphlet  by  Mr,  R.  Brown, 
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Of  the  Properties  of  the  Primitive 
Tissues. 

1.  Each  of  the  primitive  tissues  that 
has  been  described  possesses  peculiar 
and  specific  properties.  Those  which 
belong  to  the  cellular  tissue  are  wholly 
physical :  they  consist  of  four,  namely, 
cohesion,  flexibility,  extensibility,  and 
elasticity.  Cohesion  must  necessarily 
belong  to  every  solid  substance ;  and  it 
is  required,  in  the  animal  tissues,  be¬ 
cause,  in  the  performance  of  many  of 
the  vital  functions,  a  considerable  de¬ 
gree  of  force  is  exerted.  The  different 
parts  of  the  body  are  continually  chang¬ 
ing  their  bulk,  and  varying  their  rela¬ 
tive  position :  the  tissues  of  which 
they  are  composed  must  therefore  pos¬ 
sess  a  considerable  degree  of  flexibi¬ 
lity,  and  of  extensibility.  Elasticity  is 
the  property  which  a  substance  pos¬ 
sesses  of  returning  to  its  original  size 
when  the  cause  that  distends  it  ceases 
to  operate.  The  operation  of  this  pro¬ 
perty  is  of  great  importance  and  extent 
in  the  animal  economy,  and  it  is  pecu¬ 
liar  to  the  cellular  tissue.  There  is  rea¬ 
son  to  believe  that  no  other  texture  pos¬ 
sesses  it  in  the  slightest  degree,  but  in 
so  far  as  this  substance  enters  as  a  con¬ 
stituent  element  into  its  composition. 
Although  elasticity  can  never  be  the 
source  of  power ;  although  it  cannot 
originate  motion  ;  although  it  can  only 
restore,  in  a  contrary  direction,  the  force 
which  had  been  impressed  by  some  other 
agent,  yet,  in  the  various  functions  of 
life,  its  action  is  exceedingly  extensive 
and  important.  The  arrangement  by 
which  this  is  secured  is  extremely  beau¬ 
tiful.  The  tissue  in  which  this  property 
is  inherent  is  so  disposed  throughout 
the  body,  that  it  is  kept  in  a  state  of 
constant  distension,  both  by  its  situation 
and  by  its  connexions.  As  long  as  the 
distending  cause  continues  to  operate, 
the  elastic  property  has  no  action ;  but 
whenever  the  circumstances  that  dis¬ 
tend  it  vary,  that  moment  its  elasticity 
comes  into  play;  and  these  circum¬ 
stances  vary  almost  every  instant. 
Whenever  the  extremities  of  any  por¬ 
tion  of  the  tissue,  in  any  part  of  the 
body,  are  brought  nearer  to  one  an¬ 
other  ;  whenever  the  contents  of  any 
hollow  organ  are  withdrawn  ;  whenever 
any  such  hollow  body  is  divided  trans¬ 
versely,  that  instant  it  contracts  or 
shrinks,  and  thus  a  power  is  obtained 
in  the  economy.  The  cartilages  of  the 
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ribs  are  endowed  with  a  high  degree  of 
elasticity :  the  arteries  possess  this  pro¬ 
perty  in  a  still  greater  degree :  it  will 
hereafter  be  shown,  that  in  the  functions 
of  respiration,  and  of  the  circulation,  its 
use  is  so  great,  that  these  important 
actions  could  not  possibly  go  on  without 
it.  The  situation  and  action  of  the  epi¬ 
glottis  afford  another  striking  and 
beautiful  illustration  of  the  use  to  which 
it  is  applied.  The  windpipe,  the  tube 
which  conveys  air  to  the  lungs,  being 
placed  before  the  oesophagus,  the  tube 
which  transmits  the  food  into  the  sto¬ 
mach,  the  food,  in  order  to  get  into  the 
latter  organ,  must  necessarily  pass  over 
the  former.  But  it  is  essential  to  the 
function  of  respiration  that  air  should  be 
constantly  passing  to  the  lungs :  an  inter¬ 
ruption  to  its  transmission,  for  any  consi¬ 
derable  time,  would  stop  the  process  and 
destroy  life ;  and  yet  the  opening  into  the 
tube  which  is  to  convey  the  air  must, 
necessarily,  be  closed  every  time  a 
morsel  of  food  or  a  drop  of  water  is 
swallowed.  How  is  this  aperture  in¬ 
variably  and  instantly  to  be  closed  just 
at  the  moment  when  its  closure  is  re¬ 
quired,  and  yet  to  remain  open  at  every 
other  period  ?  A  cartilage  is  placed  at 
the  top  of  the  windpipe,  attached  to 
the  root  of  the  tongue :  the  tongue,  in 
the  act  of  deglutition,  necessarily 
passes  backwards,  but  it  cannot  pass 
backward,  without  pushing  the  cartilage 
over  the  aperture  so  as  completely  to 
close  it.  As  soon  as  the  tongue  ceases 
to  press  upon  the  cartilage,  in  conse¬ 
quence  of  the  high  degree  of  elasticity 
with  which  the  latter  organ  is  endowed, 
it  springs  up  of  its  owrn  accord,  and  so 
leaves  the  aperture  open.  That  aper¬ 
ture  requires  to  be  closed  only  during 
the  moment  we  swallow  :  its  closure  is 
secured  by  the  act  of  deglutition  ;  it  re¬ 
quires  to  be  open  at  every  other  period  ; 
it  is  kept  open  by  the  elasticity  of  its 
lid. 

Such  are  the  properties  of  the  cellular 
tissue.  As  this  tissue  forms  the  basis 
of  every  organized  solid,  so  the  proper¬ 
ties  with  which  it  is  endowed  are  the 
most  simple,  that  is,  they  belong  to 
many  other  natural  objects.  Cohesion 
must,  of  course,  be  possessed  by  every 
solid  substance.  Extensibility,  flexibility, 
elasticity,  are  found  in  vegetable,  mine¬ 
ral,  and  in  dead  animal  matter.  These 
properties  are  entirely  physical.  They 
are  connected  with  the  peculiar  arrange¬ 
ment  of  the  particles  and  the  chemical 
composition  of  the  substances  in  which 


they  reside.  All  the  effects  they  pro¬ 
duce  in  the  animal  economy  are  totally 
independent  of  any  vital  action. 

2.  But  the  second  primitive  tissue,  the 
muscular,  is  the  seat  of  a  power  pro¬ 
perly  vital.  To  the  muscular  fibre,  con¬ 
sidered  as  a  compound  of  muscle  and 
membrane,  belong  all  the  properties  of 
cellular  tissue :  to  pure  muscle  is  at¬ 
tached  only  one  property,  which  is 
termed  contractility;  and  this  is  pecu¬ 
liar  to  it,  and  is  truly  a  vital  power.  As 
it  actually  exists  in  the  body,  then, 
muscle  possesses  two  classes  of  proper¬ 
ties,  physical  and  vital.  It  owes  its 
physical  properties  for  the  most  part, 
but  especially  its  elasticity,  to  the  cel¬ 
lular  tissue  with  which  it  is  combined. 
Cohesion,  flexibility  and  extensibility 
must  belong,  indeed,  in  some  degree,  to 
its  own  substance ;  but  these  are  of 
little  consequence  compared  with  its  pe¬ 
culiar  and  specific  property  of  con¬ 
tractility.  Contractility  is  the  pro¬ 
perty  which  the  muscular  fibre  possesses 
of  shortening  itself.  It  is  the  generator 
of  power.  It  is  not  only  not  a  mecha¬ 
nical  property,  but  it  possesses  nothing 
in  the  slightest  degree  analogous  to  any 
mechanical  force.  In  the  best  contrived 
machinery  there  is  no  real  generation  of 
power :  there  is  merely  an  application  of 
pre-existing  power  to  some  specific  ob¬ 
ject.  In  the  reaction  of  an  elastic  body, 
in  the  recoil  of  a  spring,  there  appears 
to  be  an  actual  production  of  power ; 
but  the  effect  thus  apparently  produced 
is  the  mere  reaction  of  the  force  ori¬ 
ginally  employed  in  compressing  the 
spring.  The  force  of  the  recoil  can  never 
be  greater  than  the  force  employed  to 
compress  it,  and  the  moment  this  power 
is  expended,  all  capacity  of  motion  is  at 
an  end.  In  muscular  contraction,  on 
the  contrary,  there  is  a  real  generation  of 
power.  If,  in  an  animal  recently  killed, 
the  interior  surface  of  the  ventricle  of 
the  heart  be  pricked  gently  with  a  needle, 
the  ventricle  will  instantly  contract  with 
such  force  as  to  propel  the  needle  deeply 
into  its  substance.  The  force  of  the 
contraction  of  the  ventricle  in  this  in¬ 
stance  must  be  incomparably  greater 
than  the  force  with  which  it  is  prickod 
by  the  needle.  There  is,  thus,  an  actual 
production  of  power,  because  the  effect 
bears  no  proportion  to  its  mechanical 
cause.  There  is,  then,  not  only  no  iden¬ 
tity,  but  no  analogy  between  this  power 
and  any  of  the  great  principles  of  nature, 
which  are  original  sources  of  mecha¬ 
nical  force.  And  of  this  tire  complete 
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proof  is,  that  its  most  powerful  effects 
are  produced  without  the  intervention  of 
any  mechanical  cause, — by  an  agent 
which  has  no  relation  to  any  physical 
property  of  matter,  namely,  by  volition. 
This  power,  therefore,  is  distinct  from 
any  other  in  nature,  and  is  peculiar  to 
life.  The  phenomena  of  muscular  con¬ 
traction,  and  the  laws  which  regulate  it, 
will  be  described  hereafter. 

3.  To  the  nervous  tissue,  besides  those 
that  are  merely  physical,  belong  two  dis¬ 
tinct  and  peculiar  properties  ;  and  these 
also  are  vital :  they  are  denominated  the 
nervous  and  the  sensorial.  The  nervous 
power  consists  of  a  property  resident  in 
the  nerves,  upon  which  the  following 
phenomena  depend : — 

1.  The  transmission  of  the  sti¬ 
mulus  of  volition  to  the  voluntary 
muscles.  2.  The  transmission  of  im¬ 
pressions  received  from  the  external 
senses  to  the  spinal  cord  and  the  brain. 

3.  The  exertion  of  a  certain  action  upon 
the  blood,  by  which  are  maintained  the 
secreting  and  the  other  assimilating  pro¬ 
cesses,  in  which  the  preservation  of  the 
structure  of  the  different  organs  depends. 

4.  The  exertion  of  an  analogous  action 
upon  the  blood,  by  which  a  disengage¬ 
ment  of  caloric  is  produced,  and  the 
temperature  necessary  to  animal  life  and 
health  sustained.  The  sensorial  power 
consists  of  the  faculty  of  sensation,  that 
is,  sensation  attended  with  consciousness 
or  perception,  of  volition,  and  of  the 
faculties  termed  intellectual.  For  reasons 
hereafter  to  be  assigned,  it  is  certain 
that  the  nervous  and  the  sensorial  are 
distinct  and  independent  powers,  and 
these  phenomena  will  be  further  de¬ 
scribed  in  the  proper  place. 

From  the  exposition  that  has  been 
given  of  the  properties  of  the  primitive 
tissues  of  the  body,  a  little  reflection 
will  show  that  it  is  possible  to  deduce 
four  distinct  powers  to  which  we  may 
refer  the  particular  events  or  phenomena 
which,  taken  together,  constitute,  or,  at 
least,  which  are  invariably  found,  only 
in  connexion  with  life.  These  general 
powers,  to  which  distinct  classes  of  phe¬ 
nomena  may  be  referred,  are — organic 
affinity,  contractility,  nervous  power,  and 
sensorial  power. 

1.  To  the  first,  organic  affinity,  are 
referable  the  phenomena  of  production, 
secretion,  growth,  and  the  various  pro¬ 
cesses  by  which  the  different  structures 
that  compose  the  animal  fabric  are  mo¬ 
delled.  The  power  by  which  these  ef¬ 
fects  are  produced  is  common  not  only 


to  all  animal  but  to  all  vegetable  bodies 
— it  may  be  considered  as  the  common 
property  of  organized  beings — it  appears 
to  be  the  immediate  result  of  that  pecu¬ 
liar  arrangement  of  parts  which  is 
termed  organization  :  it  is,  therefore, 
appropriately  termed  organic,  and  the 
principle  considered  abstractedly  may 
be  denominated  organic  affinity,  in  con¬ 
tradistinction  to  the  ordinary  chemical 
affinities  to  which  it  is  so  often  opposed. 

2.  The  second  general  power  to  which 
vital  phenomena  may  be  referred,  is 
contractility.  With  the  exception  of 
that  which  depends  on  the  physical  pro¬ 
perty  of  elasticity,  it  is  the  source  of  all 
the  motion  which  takes  place  in  the  ani¬ 
mal  system.  In  all  the  higher  animals 
it  resides  in  the  muscular  tissue  alone  : 
in  the  lower,  in  which  there  appears  to 
be  no  distinction  of  tissue,  it  belongs  to 
the  homogeneous  substance  of  which 
the  body  is  composed. 

3.  The  third  general  power  to  which 
particular  classes  of  phenomena  may  be 
referred  is  the  nervous.  By  this  power 
impressions  are  received  from  ceitain 
parts  of  the  nervous  system,  and  com¬ 
municated  to  other  parts  of  it ;  impres¬ 
sions  are  also  received  from  the  external 
world,  and  conveyed  to  particular  parts 
of  the  same  system ;  it  is,  therefore,  by 
this  power  that  the  animal  is  connected 
with  the  external  world ;  and  it  also 
exerts,  as  has  been  shown,  a  very  im¬ 
portant  influence  over  certain  actions 
which  are  indispensable  to  animal  ex¬ 
istence. 

4.  The  fourth  general  power,  the 
sensorial,  is  that  to  which  we  must  refer 
the  important  faculties  already  enume¬ 
rated,  namely,  perception,  volition,  and 
those  which  are  termed  intellectual.  By 
these  faculties  the  animal  is  capable  of 
enjoyment :  they  do  not  so  much  consti¬ 
tute  his  being — they  do  not  so  much 
contribute  to  the  maintenance  of  exist¬ 
ence,  although  existence  can  be  pro¬ 
longed  only  a  few  moments  after  their 
operation  has  ceased,  as  to  the  render¬ 
ing  existence  a  good.  They  are  the 
final  cause  for  which  all  the  other  facul¬ 
ties  exist,  because  they  are  the  ultimate 
end  for  which  the  animal  itself  lives. 
Thus,  the  nervous  and  the  muscular 
powers  are  those  by  which  the  life  of 
the  animal  is  preserved,  and  by  which  it 
affects  and  is  affected  by  the  external 
world :  the  sensorial  are  the  powers  by 
which  the  ultimate  end  of  its  being  is 
attained  :  it  follows  that  the  final  cause 
of  the  nervous  and  the  muscular  is  the 
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maintenance  of  the  sensorial  powers  : 
accordingly,  it  is  established  by  direct 
experiments  which  we  shall  detail  here¬ 
after,  that  the  muscular  is  uniformly 
obedient  to  the  nervous,  and  the  nervous 
to  the  sensorial  power,  while  the  sen¬ 
sorial  power  itself  is  subordinate  to  the 
final  cause  of  animal  existence — enjoy¬ 
ment. 


In  the  construction  of  the  animal 
frame,  the  tissues  which  have  been  de¬ 
scribed  are  variously  combined  and 
modified.  Some  are  disposed  in  a  defi¬ 
nite  order,  and  moulded  into  a  peculiar 
form :  others  are  disposed  in  another 
order,  and  moulded  into  a  different  form. 
These  definite  arrangements  constitute 
organization.  Each  determinate  orga¬ 
nization,  when  moulded  into  a  given 
form,  constitutes  what  is  called  an 
organ.  The  figure,  the  magnitude,  and 
the  general  aspect  of  the  different  organs 
are  infinitely  various.  Their  physical 
properties  depend  upon  the  tissues  of 
which  they  are  composed,  and  upon  the 
modifications  which  those  tissues  under¬ 
go.  Their  chemical  properties  depend 
upon  those  of  the  tissues,  and  of  the 
fluids.  Their  vital  properties  are  pecu¬ 
liar  and  specific.  Every  individual 
organ  is  endowed  with  the  power  of  per¬ 
forming  a  specific  action  :  the  perform¬ 
ance  of  that  action  is  the  sole  object 
and  end  of  its  existence,  and  that  action, 
whatever  it  be,  is  termed  its  function. 
Thus  every  organ  is  an  instrument,  and 
as  life  consists  in  a  series  of  actions, 
performed  by  different  organs,  the  latter 
are  termed,  as  has  been  stated,  the  in¬ 
struments  of  life.  And  that  this  orga¬ 
nic  power  is  connected  with  organiza¬ 
tion,  is  inferred  from  the  fact,  that  the 
effects  produced  by  different  organs  in¬ 
variably  correspond  with  the  particular 
arrangement  of  their  elementary  tissues, 
that  is,  with  their  peculiar  organization. 
The  stomach  never  possesses  the  power 
of  secreting  bile :  the  liver  never 
secretes  the  gastric  fluid:  the  peculiar 
organization  of  a  part  is  essential  to,  and 
secures  its  peculiar  action. 

Thus  it  appears  that  every  individual 
organ  is  the  seat  of  some  special  func¬ 
tion.  A  function  consists  of  certain 
phenomena,  which  have  a  peculiar  re¬ 
lation  to  each  other,  and  which  concur 
in  the  production  of  a  definite  object. 
These  phenomena  occur  in  a  series : 
the  succession  of  each  phenomenon  in 
the  series  is  definite  and  fixed.  Thus, 
the  function  of  respiration  consists,  first, 


of  the  motion  of  the  muscles,  which 
raise  the  ribs  and  depress  the  dia¬ 
phragm  ;  secondly,  of  an  increase  in 
the  cavity  of  the  cells  of  the  lungs ; 
thirdly,  of  an  ingress  of  atmospherical 
air  into  those  cells  ;  fourthly,  of  certain 
changes  produced  in  the  quality  of  the 
blood  during  its  passage  through  the 
lungs,  and  so  on.  In  this  instance  each 
phenomenon  follows  in  a  certain  order, 
and  the  whole  concur  in  the  production 
of  a  definite  object ;  and  the  same  is  true 
of  every  function  of  every  living  being. 

Since  life  consists  in  a  series  of  ac¬ 
tions  performed  by  different  organs,  it 
is  obvious  that  the  main  object  of  physi¬ 
ology  must  be  to  give  an  account  of 
these  actions  or  functions.  In  order  to 
execute  this  task  with  advantage,  it  is 
necessary  to  adopt  some  classification 
of  the  functions,  and  a  simple  and  natu¬ 
ral  arrangement  is  very  important.  On 
examining  carefully  the  circle  of  actions 
performed  by  the  living  being,  we  ob¬ 
serve  that  these  actions  have  for  their 
object  the  preservation  of  the  individual, 
the  reproduction  of  the  species,  and 
the  bringing  the  individual  into  com¬ 
munication  with  other  beings.  The  first 
class  of  functions  comprehend  those  of 
nutrition  ;  the  second,  those  of  repro¬ 
duction,  and  the  third  those  of  relation. 
The  function  of  nutrition  consists  of  the 
following  processes : — digestion,  circula¬ 
tion,  respiration,  secretion,  absorption, 
and  excretion.  The  function  of  repro¬ 
duction  comprehends  the  different  pro¬ 
cesses  of  generation.  The  function  of 
relation  comprehends  locomotion — the 
nervous  influence ;  sensation,  the  par¬ 
ticular  senses  and  the  intellectual  facul¬ 
ties  ;  voice,  speech,  and  so  on.  Of  these 
functions  we  shall  treat  pretty  much  in 
the  order  enumerated,  beginning  with 
the  process  of  digestion,  and  describing 
the  blood,  which  it  is  the  great  object  of 
this  process  to  form. 


Of  Digestion. 

We  have  seen  that  one  of  the  essential 
characters  of  a  living  being  is  the  power 
it  possesses  of  resisting  within  a  cer¬ 
tain  range  the  ordinary  influence  of  phy¬ 
sical  agents,  and  of  maintaining  its  in¬ 
tegrity  under  circumstances  in  which  it 
would  be  decomposed  were  it  destitute 
of  a  vital  principle.  These  vital  phe¬ 
nomena  are  effected  by  the  establishment 
of  a  circle  of  actions  in  the  interior  of 
the  living  body,  by  which  its  integrant 
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particles  are  maintained  in  a  state  of 
alternate  decay  and  renovation  ;  its  old 
particles  being  continually  removed,  and 
new  particles  being  deposited  in  their 
place.  The  activity  with  which  this  in¬ 
terchange  is  carried  on  varies  in  every 
different  individual,  and  in  the  same 
individual  at  different  periods  of  its  life"; 
but  the  rapidity  with  which  certain  pro¬ 
cesses  are  accomplished  would  seem  to 
show  that  that  interchange  cannot  be 
slow.  Hales  ascertained  by  direct  ex¬ 
periment,  that  a  sunflower,  weighing 
three  pounds,  exhaled  twenty-two  ounces 
in  the  space  of  twenty-four  hours,  that 
is,  nearly  half  its  weight:  and  by  a 
series  of  experiments,  Red  ascertained 
that,  in  his  own  person,  he  lost  by  the 
process  of  perspiration  thirty-one  ounces 
in  twenty-four  hours.  Attempts  have 
been  made  to  calculate  the  space  of 
time  in  which  every  particle  existing  in 
the  human  body  at  any  given  period 
would  be  removed  and  replaced  by  new 
matter,  and  a  notion  has  prevailed  that 
a  complete  and  entire  change  is  effected 
in  the  course  of  seven  years  :  but  this  is 
mere  conjecture. 

From  the  continual  removal  of  the 
old,  and  the  corresponding  deposition 
of  new  particles,  a  source  must  be  pro¬ 
vided  for  furnishing  the  body  with  a 
supply  of  fresh  materials.  That  source 
is  the  aliment :  but  the  aliment  as  it  is 
received  by  the  living  body  is  always  a 
compound,  often  an  exceedingly  hetero¬ 
geneous  substance ;  while  it  is  an  ascer¬ 
tained  law  that  no  food  can  contribute 
to  the  support  of  the  body  unless  it  be 
decomposed  and  resolved  into  its  primi¬ 
tive  elements.  In  order  to  accomplish 
this  resolution  of  the  alimentary  matter, 
a  certain  process  is  established,  in  some 
cases  simple,  in  others  extremely  com¬ 
plicated.  The  process  itself  is  termed, 
in  the  vegetable,  nutrition ;  in  the  ani¬ 
mal,  digestion ;  and  the  organs  by  which 
it  is  accomplished,  constitute,  in  the 
former,  the  nutritive ;  and,  in  the  latter, 
the  digestive,  apparatus.  There  is  an 
invariable  relation  between  the  simplicity 
or  complexity  of  the  apparatus  and  the 
simplicity  or  complexity  of  the  process ; 
and  also  between  the  complexity  of  the 
process  and  the  elevation  of  the  indivi¬ 
dual  in  the  scale  of  being. 

The  simplest  case  of  nutrition  is  found, 
where  the  physiologist  might  have  ex¬ 
pected  to  find  it,  in  the  most  simply 
constructed  vegetable.  In  plants,  in 
general,  indeed,  this  process  is  much 
more  simple  than  it  is  in  the  animal, 


and  it  would  seem  to  be  one  office  of 
this  great  division  of  orgamic  being  to 
perform  the  transformation  of  dead 
matter  into  living  substance.  For  it  is 
the  part  of  the  plant  to  act  upon  inor¬ 
ganic  matter:  to  derive  its  nourish 
ment  from  earths,  salts,  airs,  compound 
substances  which  it  decomposes,  and 
the  elements  of  which  recombining  anew, 
it  assimilates  into  its  own  proper  nature. 
On  the  contrary,  the  animal  in  general 
operates  either  upon  vegetable  or  ani¬ 
mal  substance.  The  elements  of  the 
mineral  kingdom  would  seem  to  be  too 
remote  from  the  nature  of  the  animal, 
to  be  capable  of  being  converted  into  its 
substance,  unless  previously  elaborated 
by  the  vegetable.  By  its  nutritive  or¬ 
gans  the  plant  acts  upon  and  assimilates 
inorganic  matter:  by  its  digestive  or¬ 
gans  the  animal  acts  upon  and  assimi¬ 
lates  organic  matter  already  organized 
by  the  vegetable.  Hence  plants  may 
be  considered  as  the  great  laboratory  in 
which  Nature  prepares  food  for  ani¬ 
mals,  and  thus  exhibits  a  mutual  rela¬ 
tion  and  dependence  between  the  mine¬ 
ral,  the  vegetable,  and  the  animal  king¬ 
doms,  truly  harmonious  and  beautiful. 
Still,  however,  this  representation  must 
be  considered  only  as  generally,  and  by 
no  means  as  universally  true  :  for  plants 
are  not  nourished  exclusively  from 
mineral  substances,  nor  are  animals 
nourished  exclusively  from  vegetable 
matter. 

It  has  just  been  stated  that  the  sim¬ 
plest  case  of  nutrition  is  found  in  the 
most  simply  constructed  plant.  Such, 
for  example,  are  the  fuci,  many  tribes 
of  which  without  any  root,  without  any 
special  organ  of  any  kind,  derive  their 
nourishment  from  air  and  moisture 
alone.  A  very  elegant  example  of  this 
extreme  simplicity  of  structure  and 
function  is  afforded  by  the  aerial  epi- 
dendrum,  a  beautiful  plant,  a  native  of 
Java,  and  of  the  East  Indies,  beyond 
the  Ganges.  In  the  latter  region  it  is 
stated  to  be  not  uncommon  for  the  in¬ 
habitants  to  pluck  it  up  on  account  of 
the  elegance  of  its  leaves,  the  beauty  of 
its  flower,  and  the  exquisite  odour  it 
diffuses,  and  to  suspend  it  by  a  silken 
cord  from  the  ceilings  of  their  rooms, 
where,  from  year  to  year,  it  continues 
to  put  forth  new  leaves,  new  blossoms, 
and  new  fragrance,  excited  to  new  life 
and  action  only  by  the  stimulus  of  the 
surrounding  atmosphere.  Similar  ex¬ 
amples  are  furnished  by  some  of  the 
most  succulent  plants  of  the  hot  cli- 


ANIMAL  PHYSIOLOGY, 


25 


mates,  which,  though  they  are  indeed 
provided  with  a  root,  yet,  according  to 
the  opinion  of  the  ablest  physiologists, 
this  organ  is  not  to  them  an  instrument 
of  nutrition :  on  the  contrary,  it  is  con¬ 
ceived  that  these  plants  thrust  their  root 
into  the  earth  merely  for  the  purpose  of 
supporting  themselves  in  an  erect  posi¬ 
tion,  because  they  are  capable  of  grow¬ 
ing  only  in  soils  or  sands  so  extremely 
arid,  that  no  moisture  can  possibly  be 
extracted  from  them ;  and  they  quickly 
perish  if  they  are  exposed  to  wet,  or 
to  a  rainy  season.  In  all  these  cases 
nutrition  is  effected  by  the  common 
substance  of  which  the  plant  is  com¬ 
posed,  and  the  materials  from  which  it 
is  derived  are  air  and  the  moisture  sus¬ 
pended  in  it.  Such  plants  may  be  con¬ 
sidered  as  placed  on  the  very  confines 
of  organized  existence,  and  as  trans¬ 
muting  in  the  simplest  possible  manner 
inorganic  matter  into  living  substance. 

The  first  advancement  from  this,  the 
lowest  point  of  organization,  is  found  in 
the  more  perfect  plants.  In  all  these  the 
organ  of  nutrition  is  the  root.  Every 
other  part  of  such  plants  may  be  de¬ 
stroyed,  but  if  the  root  remain  unin¬ 
jured  the  plant  will  regerminate  ;  while, 
if  the  root  perish,  the  plant  is  irrecover¬ 
ably  lost.  Such  plants  require  for  their 
sustenance  other  substances  besides  air 
and  moisture:  their  nutrient  matter 
being  of  a  more  heterogeneous  nature, 
demands  a  more  complicated  apparatus 
for  producing  the  necessary  changes. 
The  root  forms  that  apparatus,  and  is 
thus  a  special  organ,  provided  for  the 
purpose  of  nutrition ;  and,  in  a  physio¬ 
logical  point  of  view,  may  be  consi¬ 
dered  as  the  first  advancement  in  com¬ 
plication  of  structure,  and  in  corre¬ 
sponding  complication  of  function. 

In  the  organization  of  the  simplest 
animals  there  is  no  appreciable  advance¬ 
ment  in  structure,  although  they  unques¬ 
tionably  perform  additional  functions. 
The  very  lowest  animal  probably  enjoys 
some  degree  of  sensation,  and  there  can 
be  no  question  that  it  possesses  the 
power  of  spontaneous  motion.  Yet  it 
appears  to  perform  the  function  of  nu¬ 
trition  in  a  manner  perfectly  analogous 
to  that  of  the  simplest  plant.  In  study¬ 
ing  the  organization  of  living  creatures, 
we  observe,  without  doubt,  traces  of  a 
graduated  scale  of  being :  but  either  the 
graduation  of  the  scale  is  not  perfect,  or 
we  are  ignorant  of  many  of  the  degrees 
that  must  be  marked  upon  it ;  either 
the  chain  is  defective,  or  some  of  its 


links  are  unknown  to  us.  Thus  the 
creatures  placed  at  the  bottom  of  the 
animal  scale  seem  to  possess  even  a  less 
complicated  structure  than  the  perfect 
plant.  These  simple  beings  form  the 
curious  class  of  animated  creatures 
termed  the  infusoria .  When  dead  vege¬ 
table  or  animal  matter  has  been  kept  for 
some  time  in  a  state  of  maceration  in 
water,  in  a  moderately  warm  tempera¬ 
ture,  the  fluid  is  found  to  swarm  with 
living  creatures.  Because  these  beings 
appear  to  be  produced  by  the  infusion 
in  water  of  vegetable  or  animal  sub¬ 
stances,  they  have  received  the  name  of 
infusoria.  Their  extreme  minuteness 
places  them  beyond  the  cognizance  of 
unassisted  sense,  and  we  owe  our  know¬ 
ledge  even  of  their  existence  to  the 
microscope.  Of  these  creatures,  the 
minutest  and  the  simplest  is  a  trans¬ 
parent  globule,  having  the  form  of  a 
point  (Jig.  13j,  which,  because  it  is  con¬ 
ceived  to  be  placed  at  the 
ultimate  limit  of  animal 
existence,  is  called  by 
Muller  the  monos  termo. 

All  naturalists  are  agreed 
that  this  minute  point  is  an 
organized  being  of  an  animal  nature.  The 
inference  that  it  is  an  animal  is  founded 
on  its  motion,  which  has  all  the  appear¬ 
ance  of  being  spontaneous,  and  which, 
in  the  actual  state  of  our  knowledge, 
certainly  cannot  be  referred  to  any  ex¬ 
ternal  physical  cause,  or  to  any  chemical 
agency.  It  seems  scarcely  possible  to 
contemplate  its  movements  for  any  con¬ 
siderable  time  without  being  satisfied 
that  it  is  truly  spontaneous.  All  who 
have  made  a  particular  study  of  minute 
animals  have  considered  it  as  belonging 
to  this  class  of  beings  ;  and  Cuvier  has 
placed  it  at  the  bottom  of  his  Animal 
Kingdom,  or  at  the  commencement  of 
the  animal  scale.  It  is  found  not  only 
in  infusions  of  vegetable  and  animal 
matter,  artificially  prepared,  but,  when 
the  temperature  is  mild,  in  stagnant 
waters,  whether  salt  or  fresh.  It  seems 
to  be  a  vesicle,  or  to  consist  of  a  delicate 
membrane  inclosing  a  transparent  fluid : 
hence  it  is  described  by  Professor  Cams 
as  a  living  animal  cellule.  If  it  be  dif¬ 
ficult,  on  account  of  its  extreme  minute¬ 
ness,  to  ascertain  its  structure  with  ex¬ 
actness,  it  is  quite  certain  that  animalculi 
of  precisely  the  same  figure  and  appear¬ 
ance,  but  of  a  larger  size,  and  which 
seem  to  consist  of  a  congeries  of  these 
minuter  beings,  are  vesicular.  In  these 
larger  creatures,  the  membrane  forming 


Fig.  13. 
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the  external  envelop  of  their  body  can 
be  distinguished  from  the  fluid  contained 
within,  and  in  that  fluid  can  be  per¬ 
ceived  numerous  globules  of  a  smaller 
size,  apparently  vesicular  also.  This 
is  extremely  well  seen  in  the  Volvox 
Globator  (fig.  14). 


Fig.  14. 


N  ow  in  this,  the  lowest  class  of  ani¬ 
mals,  the  function  of  nutrition  is  per¬ 
formed  in  the  simplest  manner,  and  is 
perfectly  analogous  to  that,  in  the  vege¬ 
table.  Their  nutritive  matter  is  received 
by  imbibition  through  the  parietes  of 
their  external  membrane,  without  any 
mouth,  and  without  any  apparatus  for 
digestion  that  can  be  distinguished. 

The  first  advancement  from  this  simple 
condition  of  animal  existence  is  observed 
in  a  higher  tribe  of  animalculi,  and  also 
in  the  lowest  order  of  polypes.  It  con¬ 
sists  of  a  membranous  sac  open  at  one 
extremity  (Jig.  15 >J.  The  figure  of  the 


animalcule  is  that  of  a  purse,  which 
has  given  name  to  the  tribe  deno¬ 
minated  Bursaricc  (Jig.  15.)  The  figure 
of  the  polype  is  very  similar  to  that  of 
the  flower  termed  Campanula,  and  it  is 
therefore  called  bell- shaped.  The  in¬ 
habitants  of  coralline  and  sponge  are 
constructed  essentially  in  this  manner. 
Instead  of  a  membrane  inclosing  a  ca¬ 
vity  without  any  aperture,  they  consist 
of  a  membranous  cavity  open  at  one 
extremity.  This  conformation  affords 
the  first  and  the  simplest  conceivable 
rudiment  of  an  alimentary  canal :  the 
whole  internal  surface  of  the  animal 
must  be  considered  as  forming  one  ex¬ 
tended  stomach,  and  hence  the  animal 


has  been  described  by  Cuvier,  as  being 
a  sentient  self-moving  sac  capable  of 
digesting  food.  In  the  higher  tribes  of 
this  order,  processes  or  lashes  are  ar¬ 
ranged  around  the  external  margin  of 
this  aperture  (figs,  16, 17, 18),  which  are 

Fig.  16. 


This  figure  represents  the  mouth  of  one  of  these 
creatures,  very  highly  magnified. 

endowed  with  the  power  of  motion,  and 
by  means  of  which  the  fluid  in  which  the 
animal  swims,  and  which  contains  its 
aliment,  is  propelled  into  its  rudimentary 
digestive  canal.  In  the  tribes  placed 
above  these,  the  aperture  leading  to  this 
internal  cavity  is  not  always  open,  but 
is  capable  of  alternate  contraction  and 
expansion,  thus  exhibiting  the  first  and 
the  most  simple  form  of  a  mouth. 

It  has  been  stated,  that  in  the  more 
perfect  plants  the  root  is  the  organ  by 
which  the  function  of  nutrition  is  per¬ 
formed,  and  that  if  the  root  be  injured, 
the  plant  inevitably  perishes.  Yet  there 
are  species  of  plants  in  which  the  trunk 
can  be  made  to  perform  the  office  of  the 
root,  and  the  root  that  of  the  trunk. 
In  the  primus  and  gains;,  the  cherry  and 
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willow  tribes,  if  the  stem  branches  be 
bent  down  to  the  earth,  plunged  into  it, 
and  continued  in  this  situation  fora  few 
months,  these  branches  will  generate 
radicles,  which  will  perform  the  proper 
functions  of  the  root.  If,  subsequently, 
the  original  root  be  dug  up  and  suffered 
to  ascend  into  the  air,  so  that  the  whole 
plant  shall  become  completely  inverted, 
the  original  root  will  throw  forth  stem 
branches,  and  will  bear  the  wild  fruit 
peculiar  to  its  tribe.  The  rhizophora 
mangle ,  or  mangrove  tree,  grows  natu¬ 
rally  in  this  manner ;  for  its  stem 
branches,  having  reached  a  certain  per¬ 
pendicular  height,  bend  downwards  of 
their  own  accord,  and  throw  forth  root- 
branches  into  the  soil,  from  which  new 
trunks  arise,  so  that  it  is  not  uncom¬ 
mon,  in  some  parts  of  Asia  and  Africa, 
to  meet  with  a  single  tree  of  this  species 
covering  the  oozy  waters  in  which  it 
grows  with  a  forest  of  half  a  mile  in 
length.  The  ficus  Indica,  or  banyan, 
grows  in  the  same  manner,  and  often 
with  enormous  trunks,  equally  derived 
from  a  primary  root.  Precisely  analo¬ 
gous  is  the  curious  property  possessed 
by  the  Bursaries  and  the  Polypi.  If 
these  animals  be  inverted  or  turned  com¬ 
pletely  inside  out,  that  surface  which 
was  naturally  external  performs  the 
office  of  the  internal  perfectly,  and  the 
process  of  nutrition  is  carried  on  without 
the  slightest  apparent  inconvenience  or 
change.  As  we  ascend  in  the  scale  of 
being,  however,  these  vicarious  offices 
cease  to  be  performed :  a  specific  organ 
is  provided  for  every  particular  function : 
the  function  can  be  executed  only  by  its 
own  proper  organ,  and  if  the  organ 
be  destroyed  or  injured  the  animal 
perishes. 

Tracing,  in  the  ascending  scale,  the 
successive  advancement  of  structure  in 
these  simple  beings,  after  an  animal 
possessing  an  internal  cavity,  either  with 
the  aperture  always  open,  or  with  the 
power  of  contracting  or  expanding  the 
mouth  of  the  opening,  we  next  come  to 
a  complication  which  is  exceedingly  im¬ 
portant.  It  consists  of  a  distinct  mem¬ 
branous  tube  included  in  an  external 
envelop,  the  external  envelop  forming 
what  may  be  properly  termed  a  body, 
and  the  internal  tube  affording  the  first 
rudiment  of  a  stomach,  or  rather  the 
first  indication  of  a  special  digestive 
organ.  The  animals  termed  vorticellce 
are  constructed  in  this  manner,  and  it 
has  been  lately  conceived  that  the  vibrio 
of  paste  possesses  an  analogous  struc¬ 


ture  (fig.  19).  In  the  next  order  of  zoo¬ 
phytes  we  meet  with  a  mouth  which  is 
very  distinctly  formed,  and  which  in 
most  cases  is  surrounded  with  numerous 
tentaculi.  The  mouth  opens  into  a 


Fig.  19 


shut  sac  or  stomach,  which  is  perfectly 
distinct  from  the  mass  of  the  body.  The 
stomach  rejects  its  excrementitious  mat¬ 
ter  by  the  same  passage  that  admits  its 
aliment,  so  that  one  common  aperture 
serves  both  for  mouth  and  anus.  In  the 
medusa  all  these  points  are  well  seen. 
On  the  inferior  surface  of  the  body 
there  is  a  simple,  aperture,  or  mouth,  for 
the  purpose  of  suction.  Its  cavity  leads 
by  four  apertures  into  a  like  number  of 
sacs  or  stomachs  excavated  in  the  gela¬ 
tinous  substance  of  the  body.  And  these 
stomachs,  in  a  manner  almost  incon¬ 
ceivable,  are  capable  of  digesting  hard 
substances,  and  especially  the  small 
prickly  fishes  upon  which  they  prey. 

In  the  echinodermata,  the  highest 
order  of  zoophytes,  there  is  a  further  and 
a  very  important  advancement  in  organi¬ 
zation.  In  the  asterias,  or  star-fish,  the 
stomach  is  not  only  quite  distinct  from 
the  general  mass  of  the  body,  but  the 
entrance  to  it  is  surrounded  by  teeth, 
which  are  generally  five  in  number 
(fig.  20).  These  animals  afford  the 


Fig.  20. 


first  trace  of  distinct  organs  of  mastica¬ 
tion.  With  these  teeth  they  seize  upon 
small  fish  and  other  minute  animals,  on 
which  they  prey ;  for  these,  and  almost 
all  the  lower  orders  of  creatures,  live 
upon  animal  matter.  In  the  echinus, 
or  sea-hedgehog,  the  organs  of  mastica¬ 
tion  are  still  more  developed. 

Ascending  considerably  in  the  scale. 
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we  come  to  the  articulata,  in  which  the  mouth  of  the  leech  is  of  a  triangular 
organs  of  digestion  are  very  much  more  figure.  It  is  furnished  with  little  sharp 
perfect.  As  an  example  of  the  struc-  edges  for  the  purpose  of  dividing  the 
lure  of  this  class,  we  may  take  the  leech,  skin  (fig.  21.)  Attached  to  the  mouth 
an  animal  familiar  to  every  one.  The  is  a  strong  fleshy  pharynx,  which  is  the 

Fig.  21. 


Longitudinal  section  of  a  Leech  ;  a,  sucking  surface  of  the  mouth;  b,  cavity  of  the  mouth 
opened,  with  a  view  of  its  triangular  aperture  ;  c,  muscles  of  the  pharynx  ;  rf,  cavity 
of  the  pharynx;  /,  perforated  septum  of  the  stomach;  <7,  chain  of  ganglia;  ft, 
respiratory  vesicles;  t,  lateral  vessel ;  /;,  pylorus ;  /,  commencement  of  the  intestine  ; 
)»,  anus. 


principal  agent  in  sucking  blood.  Next 
to  this  follows  a  long  and  capacious 
stomach,  consisting  of  a  membranous: 
bag,  divided  by  several  septa  into  large 
cells,  which  communicate  with  each 
other  by  oval  apertures.  Somewhat 
more  than  midway  down  the  body,  the 
intestine  arises  from  this  extended  sto¬ 
mach  :  it  commences  by  a  small  funnel- 
shaped  valvular  opening,  and  terminates 
in  a  minute  anus  placed  at  the  superior 
edge  of  the  posterior  disc.  But  though 
provided  with  an  anus,  it  more  fre¬ 
quently  discharges  its  excrementitious 
matter  from  the  mouth  than  through  its 
narrow  intestine,  and  thus  it  forms  a 
kind  of  link  between  the  inferior  and 
the  higher  stages  of  organization. 

We  shall  advert  to  but  one  ordermore  in 
the  ascending  scale — the  Crustacea.  In 
this  order,  as  in  the  crab,  the  lobster, 
the  prawn,  we  find,  for  the  first  time, 
the  organs  of  mastication  fully  and  com¬ 
pletely  formed ;  we  have  jaws,  properly  so 
called  (fig.  22, 23).  Nor  should  we  over¬ 
look  the  singular  stomach  with  which 
they  are  provided:  few  things  in  animal 
structure  are  more  curious :  it  is  formed 
on  a  bony  apparatus,  to  certain  parts  of 


Fig.  22. 


Stomach  of  the  Crab  viewed  externally;  a, 
oesophagus  ;  6.  fundus  of  the  stomach  ;  t\  py¬ 
lorus;  d,  intestine;  e ,  skeleton  of  stomach; 
f,  stony  concretion. 


Fig.  23. 


The  same  opened  from  the  oesophagus  length0, 
ways,  and  at  the  lower  part ;  a,  great  central 
teeth  of  the  stomach  ;  6,  6,  two  large  lateral 
teeth  ;  c,  c,  two  small  lateral  teeth  ;  </,  bony 
lamina  on  the  anterior  and  larger  or  cardiac 
portion  of  the  stomach;  e ,  the  smaller  or  py¬ 
loric  portion  of  the  stomach ;  /,  entrance  to 
the  intestine. 

which  around  the  pylorus  the  teeth  are 
affixed,  which  are  moved  by  distinct 
muscles,  and  so  arranged  that  nothing 
can  pass  the  pylorus  without  being 
completely  comminuted. 

Brief  and  imperfect  as  the  preceding 
sketch  must  appear,  yet  it  may  suffice 
to  convey  to  the  reader  a  general  idea 
of  the  progressive  advancement  which 
may  be  traced  in  the  structure  of  the 
digestive  organs  from  the  lowest  to  the 
more  perfectly  organized  animal.  And, 
in  fact,  at  the  point  at  which  we  have 
now  arrived,  we  recognize  every  essential 
part  of  the  digestive  apparatus,  which 
is  to  be  found  in  the  highest  animal. 
We  have  organs  for  apprehension,  for 
mastication,  for  deglutition,  for  diges¬ 
tion,  for  excretion  :  we  have  a  mouth, 
teeth,  jaws,  a  pharynx,  a  stomach  and 
intestines.  In  a  physiological  view, 
therefore,  more  especially  considering 
the  brevity  which  must  be  observed  in 
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this  treatise,  it  is  unnecessary  to  trace 
the  complication  further. 

In  all  the  higher  animals  the  function 
of  digestion  consists  of  four  distinct  acts, 
namely,  mastication,  deglutition,  chymi- 
fication,  and  chylification ;  to  which 
must  be  added  the  process  of  excretion. 
We  shall  first  of  all  describe,  very 
briefly,  the  apparatus  by  which  these 
actions  are  pei  formed;  and,  secondly, 
consider  the  actions  themselves. 

1. — Of  the  Organs  of  Mastication. 

Mastication  is  essential  to  digestion.  Its 
object  is  minutely  to  divide  the  food.  In 
all  animals  furnished  with  distinct  diges¬ 
tive  organs,  expedients  are  provided  for 
accomplishing  this  purpose.  These  ex¬ 
pedients  are  varied  according  to  the 
cind  of  food  on  which  the  animal  sub¬ 
sists,  and  according  to  the  general  orga¬ 
nization  of  the  body.  They  consist,  for 
the  most  part,  of  a  mouth,  of  teeth,  of 
jaws  furnished  with  powerful  muscles 
to  aet  upon  them,  of  the  tongue,  and  of 
the  salivary  glands. 

The  mouth,  consisting  principally  of 
the  lips,  and,  in  the  view  we  are  now 
taking  of  the  organ,  of  the  cheeks  also, 
is  formed  of  numerous  muscles  which 
are  capable  of  the  utmost  complexity 
and  diversity  of  action.  The  form  and 
situation  of  the  teeth,  as  well  as  of  the 


Fig. 
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jaws  which  contain  them,  are  extremely 
varied;  and  so  strictly  are  these  diver 
sities  connected  with  the  peculiar  habits 
of  the  animal,  with  the  species  of  ali¬ 
mentary  matter  on  which  it  lives,  and 
with  the  general  organization  of  its  body, 
that  naturalists  assume  these  organs  as 
affording  the  most  clear  and  certain  cha¬ 
racters  on  which  to  found  the  basis  of 
their  systematic  classifications. 

Some  animals  live  entirely  on  vege¬ 
table,  others  wholly  on  animal  matter, 
and  to  the  health  and  vigour  of  others 
a  mixture  of  both  is  necessary.  These 
differences  in  the  habits  of  animals 
require  a  corresponding  modification  of 
the  organs  of  mastication,  and  espe¬ 
cially  of  the  teeth  and  jaws.  The  dif¬ 
ferences  observable  in  the  configuration 
of  the  teeth  have  led  anatomists  to  di¬ 
vide  them  into  separate  classes.  Those 
situated  in  the  front  of  the  jaw  are  called 
incisores,  or  cutting  teeth  {fig.  24) : 
these  bodies  are  wedge-shaped  (A  A). 
Placed  at.  the  sides  of  the  incisores  are 
the  cuspidati  or  the  canine  teeth  (B  B): 
the  bodies  of  these,  also,  are  in  the  shape 
of  wedges.  Immediately  behind  the 
cuspidati  are  the  bicuspidati,  or  the  first 
and  second  grinders  (C  C);  and  the 
largest  of  the  teeth,  placed  the  most 
posteriorly,  are  called  the  molares,  or 
the  grinders  (D  D).  In  every  different 

24. 
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Upper  and  lower  teeth  of  the  leftside  of  the  jaw;  A,  A,  A,  A,  the  incisores;  B,  B,  the 
cuspidati  or  canine  teeth  ;  C,(5,  C,  C,  the  bicuspidati,  or  first  and  second  grinders; 
I),  L),  D,  D,  D,  D,  the  molares,  or  grinders. 


so 
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Fig.  25. 


Front  view  of  the  Skull,  with  the  teeth  in 
their  natural  situations. 


Skull  of  the  Cow. 


class  of  animals  these  teeth  vary  in 
strict  accordance  with  the  diversity  of 
food  on  which  they  subsist.  Thus  in 
the  graminivorous  quadruped  the  mo- 
lares  are  large  and  broad.  Their  mag¬ 
nitude,  indeed,  is  so  great  as  abso¬ 
lutely  to  require  that  the  jaw  should  be 
much  elongated,  in  order  to  make  room 
for  them  {Jig.  26).  The  condyles  of 
the  lower  jaw  (a),  or  those  extremi¬ 
ties  by  which  the  lower  is  united  with 
the.  upper  jaw,  are  rounded,  in  order 
that  the  lower  may  move  upon  the 
upper  jaw  with  the  utmost  freedom  in 
every  direction,  but  especially  laterally. 
This  'lateral  motion  is  indispensable  to 
the  action  called  grinding,  an  action 
peculiarly  adapted  for  the  comminution 


of  the  substances  upon  which  these  ani¬ 
mals  feed.  It  is  worthy  of  remark,  tlnd 
in  the  horse,  which  crops  the  herbage  by 
snapping  it  crosswise,  there  is  this  fur¬ 
ther  modification  of  the  teeth,  that  the 
incisures  have  broad  cutting  edges, 
which  meet  like  the  blades  of  pincers, 
the  precise  conformation  needed. 

The  structure  of  the  teeth,  and  the 
general  figure  of  the  jaw  in  carnivorous 
quadrupeds,  presents  a  striking  contrast 
{Jig.  27).  In  this  class  the  molares 
are  comparatively  small  {Jig.  24),  at 
the  same  time  they  are  much  more 
pointed.  On  the  other  hand  the  cus- 
pidati  are  remarkably  large  {fig.  24), 
and  the  incisores  in  general  are  quite 
pointed  {fg.  24).  The  jaws  themselves 


Skull  of  tie  North  rolar  Bear, 
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are  short  {Jig.  27,  a).  Their  condyles  are 
so  locked  in  by  the  fore  and  back  parts 
of  their  articular  cavities,  that  any  de¬ 
gree  of  lateral  or  rotatory  motion  is 
prevented  {Jig.  27,  b) ;  the  jaw  can  move 
only  in  a  vertical  direction,  or  is  capable 
only  of  elevation  and  depression.  All 
this  arrangement,  it  is  obvious,  is  adapted 
for  lacerating  and  cutting  the  animal 
fibre.  Living  entirely  upon  flesh,  these 
animals  do  not  need  a  grinding  motion 
of  the  jaw,  but  they  require  a  powerful 
cutting  instrument :  hence  their  small 
and  sharp  molares ;  their  large  cuspi- 
dati;  their  pointed  incisores,  and  the 
prodigious  power  of  the  muscles  by 
which  the  teeth  of  their  lower  are  closed 
upon  those  of  their  upper  jaw.  The 
most  superficial  examination  of  the 
human  teeth  shows  that  they  hold  a 
middle  place  between  those  of  herbivo¬ 
rous  and  carnivorous  animals,  {fig.  25). 

The  tongue  is  a  very  important  organ 
both  of  mastication  and  of  deglutition ; 
it  consists  almost  entirely  of  muscular 
substance,  covered  by  mucous  mem¬ 
brane.  Its  fibres  are  variously  arranged, 
and  are  very  intimately  connected  to¬ 
gether,  so  as  to  render  it  capable  of- 
motion  in  every  conceivable  direction,  a 
structure  admirably  adapted  for  con¬ 
veying  the  food  wherever  it  may  be 
necessary  to  be  acted  upon  by  the  teeth. 

Among  the  organs  which  are  essen¬ 
tial  to  the  process  of  mastication,  must 
be  reckoned  the  salivary  glands  {fig.  28). 


a,  Parotid  gland  ;  b,  duct  for  conveying  the 
saliva  into  the  mouth. 

These  bodies  convey  to  the  mouth  the  sali¬ 
va  they  secrete,  by  numerous  ducts  which 
open  into  it.  In  man  the  chief  salivary 


glands  are  three  on  each  side  (fi, g.  28) ; 
the  parotid,  situated  on  the  cheek ;  the 
submaxillary,  situated  beneath  the  lower 
jaw ;  and  the  sublingual,  situated  be¬ 
neath  the  anterior  portion  of  the  tongue. 
These  glands  pour  into  the  mouth  a 
large  quantity  of  fluid ;  it  is  estimated 
that  they  afford  about  eight  ounces  of 
fluid,  which  is  mixed  with  the  food  at 
each  meal. 

2. — Of  the  Organs  of  Deglutition. 

The  organs  of  deglutition  are  the  tongue, 
the  pharynx,  and  the  oesophagus.  The 
tongue  has  been  already  described  ;  its 
posterior  portion  or  base  is  connected, 
through  the  medium  of  the  arches  of  the 
palate,  with  the  organ  termed  the  pha¬ 
rynx.  The  pharynx,  so  called  from  its 
conveying  food  to  the  stomach,  and  air 
to  the  lungs,  is  a  large  muscular  bag, 
having  the  form  of  an  irregular  funnel, 
the  large  opening  of  the  funnel  looking 
towards  the  mouth,  while  the  under  and 
smaller  end  of  it  constitutes  the  tube 
which  leads  to  the  stomach,  termed  the 
oesophagus.  The  muscles  which  com¬ 
pose  the  pharynx,  and  with  which  it 
is  connected,  are  capable  of  raising 
or  elevating  it,  that  is,  of  bringing  it 
nearer  the  base  of  the  tongue ;  of  depres¬ 
sing  it  or  carrying  it  from  the  base  of 
the  tongue,  and  of  causing  it  to  contract 
upon  itself,  that  is,  of  narrowing  its 
calibre. 

The  oesophagus,  called  also  the  gullet  , 
derives  its  name  Fig.  29. 
from  its  office  of 
conducting  the  food 
into  the  stomach.  It 
is  afleshy  tube  which 
begins  from  the  in¬ 
ferior  part  of  the 
pharynx  {fig.  29), 
descends  along  the 
neck,  passes  through 
the  thorax,  and  ter¬ 
minates  in  the  sto¬ 
mach  {fig.  30).  It 
consists  of  three 
coats  or  three  mem¬ 
branous  coverings, 
which  are  perfectly 
distinct  from  each 
other:  the  first  is 
composed  principal¬ 
ly  of  cellular  sub¬ 
stance;  the  second 
of  muscular  fibre ; 
and  the  third  of 
mucous  membrane. 

The  second  or  mus- 
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cular  coat  consists  of  two  layers  of  fibres ; 
all  the  fibres  which  form  the  external 
layer  have  a  longitudinal  direction ;  all 
those  which  form  the  internal  layer  are 
circular.  The  function  pei'formed  by 
this  tube  requires  that  it  should 
possess  Iwo  kinds  of  motion,  that  of 
shortening  itself,  and  of  lessening  its 
diameter.  It  is  obvious  that  the  con¬ 
traction  of  its  longitudinal  fibres  will 
shorten  it,  and  that  a  contraction  of  its 
circular  fibres  will  narrow  it.  The  inner 
or  mucous  coat  is  continued  from  the 
lining  of  the  mouth ;  it  is  formed  into 
numerous  longitudinal  folds,  which  ex¬ 
pand  so  as  to  become  scarcely  visible 
when  the  oesophagus  is  dilated,  and  it  is 
always  abundantly  lubricated  with  a 
mucous  fluid. 

3  .—Of  the  Organ  of  Chymification. 

The  process  termed  chymification  is 
performed  by  the  stomach.  The  stomach 
is  a  large  membranous  bag  situated 
obliquely  across  the  upper  part  of  the 
abdomen  (fig.  30).  Its  figure  has  been 


The  Stomach:  a,  oesophagus  ,*  caraiac por¬ 
tion  ;  c,  great  or  left  extremity  ;  d,  small 
extremity  ;  e,  stomach  tied  at  the  pylorus ; 
great  anterior  curvature ;  g,  omentum. 

not  unaptly  compared  to  that  of  the 
bag  of  a  bag-pipe.  It  is  capable  of 
holding  in  the  adult  man,  when  mo¬ 
derately  distended,  about  three  pints. 
It  has  two  extremities  (fig.  30,  c,  d),  two 
curvatures  (fig.  30,/,  b,  d),  two  orifices 
(fig.  30,  a,  e),  and  three  coats. 


The  large  extremity  is  situated  on  the 
left  side  of  the  body  (fig.  30,  e),  the 
stomach  gradually  diminishes  in  bulk 
towards  the  small  extremity  which  is 
situated  on  the  right  side.  The  inferior 
border  of  the  stomach,  which  is  convex, 
is  termed  the  great  curvature,  or  arch 
(fig.  30,/) ;  the  superior  border,  which 
is  also  convex,  is  named  the  lesser 
curvature,  or  arch  (fig.  30,  b,  d).  The 
two  orifices  or  openings  of  the  stomach, 
are  situated  in  the  lesser  arch  (fig.  30, 
a,  e).  The  left  (fig.  30,  a )  is  formed  by 
the  termination  of  the  oesophagus,  and  is 
therefore  termed  the  oesophageal  open¬ 
ing,  or  the  cardiac  orifice ;  the  right 
( fig.  30,  e)  is  formed  by  the  termination 
of  the  small  extremity,  and  is  denomi¬ 
nated  the  pyloric  orifice.  It  is  about 
three  inches  lower  than  the  oesophageal, 
and  is  therefore  sometimes  termed  the 
inferior  orifice. 

The  structure  of  the  stomach  is  simi¬ 
lar  to  that  of  the  oesophagus.  It  pos¬ 
sesses  three  coats,  of  which  the  external 
derived  from  the  lining  membrane  of  the 
abdomen,  termed  the  peritoneum,  is 
denominated  the  peritoneal  coat.  The 
second  coat  is  composed  of  muscular 
fibres,  hence  it  is  termed  the  muscular 
coat.  The  fibres  consist  of  two  planes, 
which,  like  those  of  the  oesophagus,  are 
arranged  in  different  directions.  The 
external  plane  is  longitudinal ;  it  is  in 
fact  a  continuation  of  the  longitudinal 
fibres  of  the  oesophagus ;  it  extends  from 
the  great  to  the  small  extremity,  and 
upon  each  side  of  the  lesser  curvature 
forms  a  thick  strong  muscular  band. 
The  second  plane  is  circular  ;  it  forms  a 
layer  considerably  thicker  and  stronger 
than  the  other.  It  is  obvious  that  the 
effect  of  the  contraction  of  the  first  plane 
will  be  to  shorten  the  stomach,  or  to 
diminish  its  length  from  extremity  to 
extremity ;  that  the  effect  of  the  con¬ 
traction  of  the  second  plane  will  Ire  to 
narrow  its  cavity,  or  to  diminish  its 
capacity ;  and  that  the  result  of  these 
alternate  or  combined  actions  upon 
the  contents  of  the  organ  will  be  to 
agitate  them  gently,  to  move  them  in 
various  directions ;  and  since  the  pyloric 
orifice  is  three  inches  lower  than  the 
oesophageal,  to  direct  them  ultimately 
towards  the  pylorus. 

The  pylorus  consists  of  a  ring  of 
muscular  fibres  covered  with  mucous 
membrane.  It  is  placed,  as  has  been 
stated,  at  the  lesser  extremity  of  the 
stomach  (fig.  30,  e).  This  ring,  of 
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fibres  form  what  anatomists  term  a 
sphincter,  and  it  is  called  the  Sphincter 
Pylori  (fig.  39,  C,  and  fig.  40).  It 
completely  closes  the  aperture ;  and 
this  was  necessary,  in  order  that  the 
contents  of  the  stomach  might  not 
escape  before  they  had  been  duly  acted 
upon  by  the  organ  :  at  the  same  time, 
however,  it  was  necessary  that  the 
orifice  should  open  as  soon  as  the 
function  should  be  completed.  It  was 
requisite,  therefore,  to  construct  a  valve 
which  should  close  the  aperture  as  long 
as  was  necessary,  and  which  should 
open  of  its  own  accord  the  moment  this 
contrary  action  was  required.  This 
power  of  contracting  on  the  application 
of  specific  stimuli  is  one  of  the  most 
wonderful  endowments  of  living  sub¬ 
stance  :  it  is  a  property  peculiar  to  the 
muscular  fibre,  and  will  be  fully  ex¬ 
plained  when  we  treat  of  muscular  ac¬ 
tion.  At  present  our  only  object  is  to 
point  out  the  admirable  use  which  is 
made  of  this  property  in  this  particular 
instance. 

The  third  or  inner  coat.-  of  the  sto¬ 
mach  is  also  termed  the  mucous  ;  it  is 
continued  from  the  inner  coat  of  the 
oesophagus  ;  but  it  has  more  of  a  velvet 
appearance,  and  is  more  extensive, 
being  folded  into  numerous  doublings, 
which  are  termed  rugae  (fig.  3 1 ).  It  is  this 


Fig.  31. 


A  portion  of  the  inner  surface  of  the  stomach, 
shewing  the  folds  formed  by  the  mucous  coat, 
and  the  velvety  appearance  it  assumes. 

membrane  which  is  more  immediately 
connected  with  those  secretions  of  the 
organ  by  which  it  performs  the  most 
important  part  of  its  function. 

These  different  coats  of  the  stomach 
are  connected  together  by  exceedingly 
delicate  cellular  tissue.  Its  blood-vessels 
and  nerves  are  more  abundant  than 
those  of  any  other  organ  of  the  body  : 
its  nerves  especially  are  remarkable,  not 
only  for  their  number,  but  also  for  the 


variety  of  the  sources  whence  they  are 
derived.  Accordingly,  of  all  the  organs 
of  the  body,  the  stomach  is  the  most 
exquisitely  sensitive ;  it  partakes,  in  a 
most  remarkable  manner,  of  all  the 
general  actions  of  the  system  ;  it  sym¬ 
pathizes  with  all  the  changes  in  its  indi¬ 
vidual  organs  ;  it  may  be  regarded  as  a 
kind  of  common  centre,  by  which  all 
the  organic  functions  are  connected  to¬ 
gether  and  their  motions  regulated. 
For  this  reason  Mr.  Hunter  called  it 
the  centre  of  sympathies.  This  adjust¬ 
ment  will  appear  the  more  beautiful 
when  the  extent  of  the  system  of  the 
organs  and  functions  concerned  in  nu¬ 
trition,  and  the  necessity  of  providing 
some  means  by  which  their  various 
actions  may  be  connected  and  combined, 
are  considered. 

4. — Of  the  Organs  of  Chylification. 

The  organs  of  chylification  consist  of  the 
small  intestines,  (fig.  32,)  the  pancreas, 
(yfg.35)and  the  liver  (fig.  32,  A  A).  The 
small  intestines  are  directly  concerned  in 

Fig.  32. 


A,  A,  the  liver  raised  to  shew  its  under  sur¬ 
face ;  B.  the  gall-bladder;  C,  the  stomach; 
D,  the  situation  of  the  pylorus,  and  beginning 
of  the  duodenum  ;  E,  the  duodenum  making 
a  turn  to  go  across  the  spine  ;  F,  the  termi-  , 
nation  of  the  ductus  communis  choledochus  in 
the  duodenum ;  G,  the  pancreatic  duct,  ter¬ 
minating  in  the  duodenum  at  the  side  of  the 
common  biliary  duct ;  II,  the  continuation 
of  the  duodenum;  1,1,  the  out  ends  of  the 
great  arch  of  the  colon  turned  aside  ;  K,  K, 
the  convolutions  of  the  jejunum  and  deuin; 
L,  the  right  kidney.  c 
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the  process  ;  the  pancreas  and  the  liver 
are  only  contributary  to  it.  The  intes¬ 
tines  taken  together  consist  of  a  long 
cylindrical  canal,  which  begins  at  the 
pyloric  orifice  of  the  stomach,  and  ter¬ 
minates  in  the  anus  (Jig.  33).  They  are 
always  capacious  and  long  in  proportion 
as  the  food  to  be  digested  is  more  or  less 
analogous  to  the  substance  of  the  animal 
it  is  intended  to  nourish.  In  the  human 
adult  they  are  about  six  times  the  length 
of  the  body  :  in  children,  on  account  of 
their  smaller  stature,  they  are  about  ten 
times  the  length  of  the  body.  The  intes¬ 
tines  are  divided  into  small  and  large. 
Jig.  33).  The  small  intestines,  the 


Fig.  33. 


A,  A,  the  liver  :  B,  the  gall-bladder;  C,  C,  the 
stomach;  D,  D,  D,  D,  the  small  intestines; 

E,  commencement  of  large  intestines  in  intes- 
tricum  caecum  ;  F,  F,  F,  the  colon  ;  0,  H,  sig¬ 
moid  flexure  of  colon  ;  I,  I,  rectum  ;  K,  anus 
surrounded  by  the  sphincter  ani;  L,  L,  two 
muscles  attached  to  the  anus,  termed  the 
levatores  ani. 

only  part  of  the  tube  concerned  in  the 
process  of  chylification,  are  perfectly 
analogous  in  structure  to  the  stomach, 
(  Jig.  48)  possessing  the  same  number  of 
coats,  which  are  arranged  in  the  same 
manner,  excepting  that  the  internal  or 
mucous  coat  is  plaited  into  numerous 
transverse  folds  termed  valvules  con¬ 
niventes,  (Jig.  34),  the  object  of  which 
is  to  extend  the  surface  of  the  membrane, 
in  order  to  afford  a  greater  space  for  the 
absorbing  mouths  of  the  lacteal  vessels, 
and.  at  the  same  time  to  perform,  in 
some  degree,  the  function  of  valves,  to 


retard  the  motion  of  the  chyle,  in  order 
that  it  may  be  more  readily  and  com¬ 
pletely  absorbed. 


Fig.  34. 


The  small  intestines  are  divided  into 
the  duodenum  (fig.  32,  D,  E,  H),  the 
jejunum  and  the  ileum  (Jig.  32,  K  K). 
The  duodenum  is  so  large  as  to  have 
received  the  name  of  a  secondary  sto¬ 
mach  :  it  is  more  firmly  fixed  to  the  body 
than  the  other  intestines ;  it  does  not, 
like  them,  float  loosely  in  the  abdomen ; 
its  muscular  coat  is  thicker ;  its  mucous 
coat  presents  irregular  rugae  in  place  of 
valvulae  conniventes.  At  the  distance  of 
about  three  or  four  fingers  breadth  from 
the  pylorus,  it  is  perforated  by  the  termi¬ 
nation  of  the  pancreatic  and  the  biliary 
ducts  (fig.  32,  F  G ;  49,  F),  which  pour 
into  it  the  pancreatic  juice  and  the  bile. 
Innumerable  mouths  of  lacteal  vessels, 
hereafter  to  be  described,  begin  to  ap¬ 
pear  in  this  organ,  for  the  purpose  of 
absorbing  the  chyle ;  it  is  here  especially 
that  the  chyle  is  formed:  the  chief  use 
of  the  jejunum  and  ileum  appears  to  be 
to  afford  space  for  the  distribution  of 
the  open  mouths  of  the  lacteal  vessels 
by  which  it  is  absorbed :  hence  in  these 
intestines  the  valvulae  conniventes  are 
large,  the  villi  prominent,  and  the  lacteal 
vessels  much  more  numerous  and  ma¬ 
nifest. 

The  pancreas  is  a  salivary  gland  si¬ 
tuated  in  the  upper  and  back  part  of 
the  abdomen,  between  the  spinal  column 
and  the  stomach  (Jig.  33,  C).  Its  office 
is  to  secrete  a  peculiar  fluid  very  analo¬ 
gous  to  saliva,  which  it  pours  into  the 
duodenum  by  a  distinct  duct  (Jig.  49,  EE,) 
at  the  point  already  indicated  (Jig.  32,  G). 

The  liver,  the  largest  gland  in  the 
body,  in  like  manner  secretes  a  peculiar 
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Fig.  35. 


A,  A,  the  under  surface  of  the  liver  turned  up- 

wards,  and  to  the  right  side:  B,  the  gall¬ 
bladder;  C,  the  pancreas;  D,  the  spleen; 

E,  E,  the  ribs ;  F,  F,  the  kidneys. 

fluid,  termed  the  bile,  which  it  pours 
into  the  duodenum  by  a  distinct  duct, 
called  the  ductus  communis  choledochus 
(fig.  49,  C,  F,)  at  the  same  point  as  that 
at  which  the  duct  of  the  pancreas  pene¬ 
trates  it  (fig.  49,  F). 

5. — Of  the  Organs  of  Excretion. 

The  organs  of  excretion  are  the  large 
intestines,  (fig.  33,  E,  F  F  F,  G,  H,  I.) 
They  are  divided  into  coecum  (Jig.  33, 
G),  colon  (fig.  33,  F  F  F),  and  rectum 
(fig.  33,  I  I).  They  have  the  same  gene¬ 
ral  structure  as  the  small.  They  are 
divided  from  the  latter  by  a  valve, 
termed  the  valve  of  the  colon,  which 
allows  a  free  passage  for  the  con¬ 
tents  of  the  small  into  the  large  in¬ 
testines,  but  completely  prevents  their 
return.  This  valve  is  formed  by  the 
mucous  membrane  of  the  intestine ;  and 
the  valvular  apparatus  thus  placed  at 
the  commencement  of  the  large  intes- 
tines,  points  out  distinctly  that  the  func¬ 
tion  performed  by  these  two  parts  of 
the  canal  is  essentially  different,  and 
indicates  with  precision  the  very  point 
where  the  function  of  the  small  intes¬ 
tines  ceases  and  that  of  the  large  com¬ 
mences.  Without  doubt,  the  great 
physiological  difference  between  these 
two  portions  of  the  alimentary  canal  is 
that  the  small  intestines  constitute  the 
organs  in  which  the  chyle  is  formed 
and  absorbed ;  while  the  large  intes¬ 
tines  constitute  the  organs  by  which 
the  refuse  matter  is  carried  out  of  the 
system.  Few  or  no  lacteal  vessels  are 
found  in  their  entire  tract;  and  in  a 
state  of  health  they  are  not  observed  to 
contain  chyle.  They  are,  however,  fur¬ 
nished  with  a  considerable  number  of 


lymphatic  vessels  which  probably  ab¬ 
sorb  the  more  fluid  parts  of  the  fleces, 
so  that  nothing  that  can  ultimately  con 
tribute  to  nutrition  may  be  lost.  The 
chief  peculiarities  of  their  structure  ap¬ 
pear  to  be  intended  to  render  the  pro¬ 
gress  of  their  contents  slow  ;  to  retain 
them  a  considerable  time  ;  and,  at  last, 
to  allow  them  to  be  evacuated  only  at 
certain  intervals,  a  disposition  which  a 
moment's  consideration  will  show  to  be 
absolutely  essential  to  the  comfort  of 
the  animal. 

Of  the  Digestive  Apparatus  in  the  Her¬ 
bivorous  Quadruped. 

Such  are  the  structure  and  arrangement 
of  the  digestive  apparatus  in  man,  and 
in  the  animals  which  most  nearly  re¬ 
semble  him.  In  certain  animals  which 
live  upon  particular  kinds  of  food,  a 
part  of  this  apparatus  is  modified  in  a 
very  remarkable  manner.  This  is  es¬ 
pecially  the  case  with  the  herbivorous 
quadruped.  The  modification  of  the 
organs  of  mastication  in  this  class  has 
already  been  spoken  of.  The  adaptation 
of  the  structure  and  disposition  of  its  sto¬ 
mach  and  intestines  to  the  food  on  which 
it  subsists,  is  equally  striking  and  curi¬ 
ous.  Living  solely  upon  grass,  which 
contains  only  a  small  proportion  of 
nourishment  in  a  large  bulk,  and  which 
at  the  same  time  requires  a  great  deal 
of  mastication,  these  animals  would  be 
absolutely  incapable  of  procuring  suffi¬ 
cient  nutrient  matter,  and  of  preparing 
it  properly  for  the  action  of  the  stomach, 
without  incessant  locomotion,  were  this 
organ  constructed  as  it  is  in  man.  The 
well-being  and  ease  of  the  animal  is 
provided  for  by  an  exceedingly  curious 
conformation.  Taken  altogether,  the 
stomach  is  of  prodigious  extent  in  all  the 
tribes  of  this  class.  It  is  divided  into  four 
distinct  compartments,  forming  four 
separate  bags  (fig.  36) :  into  the  first  of 
these,  which  is  termed  the  paunch,  (fig. 
36,  AA)'the  food  is  swallowed,  as  it  is  col¬ 
lected, with  little  mastication.  In  this  bag 
it  is  macerated  in  a  considerable  quantity 
of  fluid  at  a  moderately  high  temperature. 
From  the  paunch  it  passes  into  a  smaller 
bag,  called  the  reticulum  (fig.  36,  B): 
from  the  reticulum  it  is  again  returned 
into  the  mouth,  where  it  is  masticated  a 
second  time,  and  now  completely  com¬ 
minuted;  and  this  is  the  process  termed 
“  rumination.”  In  this  manner  the  rumi¬ 
nant  animal  fills  its  capacious  paunch 
with  nutrient  matter  after  having  slightly 
masticated  it ;  it  then  betakes  itself  to 
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rest,  and  at  its  ease  returns  its  food  a 
second  time  into  its  mouth  in  a  mace¬ 
rated  and  softened  state,  in  order  to  be 
completely  masticated;  after  this  perfect 
mastication,  it  is  again  swallowed  :  but 
it  does  not  enter  a  second  time  either  into 
the  first  or  the  second  bag,  but  passes  into 
the  third  {fig.  36,  C),  which  is  called  the 
omasum,  where  it  undergoes  further  and 

Fig.  36. 


G,  the  gullet;  A,  A,  the  paunch;  B,  the  reti¬ 
culum  ;  C,  the  omasum  ;  D,  the  abomasum ; 

E,  the  pylorus;  F,  the  commencement  of  the 

small  intestines. 

specific  changes,  and  from  the  third 
it  passes  into  the  fourth,  {Jig.  36,  D), 
termed  the  abomasum,  which  last  is 
perfectly  similar  both  in  structure  and 
function  to  the  simple  stomach  of 
the  other  mammalia  and  of  man.  It 
has  been  already  stated  that  the  in¬ 
testines  are  always  capacious  and  long 
in  proportion  as  the  food  to  be  digested 
is  less  analogous  to  the  substance  ofthe 
animal  it  is  intended  to  nourish :  thus, 
in  some  species  of  ruminant  animals,  as 
in  the  ram,  this  tube  is  twenty-seven 
times  the  length  of  the  body,  while  in 
carnivorous  animals  it  is  short  and 
straight ;  the  food  on  which  they  feed 
being  already  nearly  of  their  own  nature, 
and  containing  a  large  quantity  of  nou¬ 
rishment  in  less  bulk,  a  smaller  propor¬ 
tion  both  of  time  and  space  are  required 
to  fit  it  for  use. 

In  graminivorous  birds  there  is  a  still 
more  curious  modification  of  this  part 
of  the  digestive  apparatus.  The  entire 
organization  of  the  bird  is  constructed 
with  a  reference  to  lightness,  in  order  to 
adapt  it  for  flight.  Many  birds  are  car¬ 
nivorous.  In  these  tribes  there  was  no 
peculiar  difficulty,  because  their  food 
being  already  analogous  to  their  own 
nature,  it  was  only  necessary  to  make 


the  menstruum  by  which  it  is  dissolved- 
powerful  and  abundant  to  dispense  wiih 
mastication  altogether,  and  yet  to  dis 
pose  the  stomach  and  intestines  in 
smaller  space ;  and  this  is  the  plan 
adopted.  But  a  great  number  of  birds 
live  upon  vegetable  matter,  and  cannot 
be  brought  to  subsist  on  animal  food. 
It  was  utterly  impossible  to  give  to  a 
creature  fitted  for  flight,  the  enormous 
stomach  and  intestines  of  the  herbivorous 
quadruped.  Were  the  bird  furnished 
with  teeth,  the  general  conformation  of 
the  class  must  also  be  departed  from. 
Thus  the  bird  is  to  live  upon  vegetable 
matter,  to  be  destitute  of  teeth  to  mas¬ 
ticate  its  food,  and  at  the  same  time  its 
stomach  and  intestines  are  to  occupy 
only  a  small  compass.  How  are  these 
different  and  opposite  objects  to  be  ef¬ 
fected  ?  They  are  accomplished  by  a  mo¬ 
dification  ofthe  digestive  apparatus,  so 
simple  and  yet  so  effectual,  that  it  cannot 
be  contemplated  without  admiration. 
In  the  first  place,  the  food  of  the  bird, 
though  of  a  vegetable  nature,  is  not  in 
general  grass  which  contains  the  smallest 
proportion  of  nutritive  matter  in  a  given 
bulk,  but  grain  which  contains  the 
largest.  Then,  in  order  to  obviate  the 
necessity  of  teeth,  to  dispense  with  the 
process  of  rumination,  and  to  accom¬ 
plish  the  resolution  of  hard  grains  and 
seeds  into  a  soft  and  pultaceous  mass, 
the  following  expedient  is  adopted.  In 
the  first  place  a  membranous  bag  is 
provided,  called  the  crop  or  craw,  which 
receives  the  food  from  the  mouth, 
slightly  softens  it  by  a  mucous  fluid 
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secreted  from  its  internal  surface,  and 
thus  prepared,  it  is  transmitted  into 
the  organ  called  the  gizzard,  one  of 
the  most  curious  structures  in  the  whole 
animal  economy  (fig.'ll).  The  gizzard  is 
composed  of  thick  and  tough  muscular 
substance,  small  in  size,  but  more  power¬ 
ful  in  its  action  than  the  strongest  jaw 
bone.  It  consists  of  four  distinct  muscles, 
a  large  hemispherical  pair  at  the  sides, 
and  a  small  pair  at  the  two  ends  of  the 
cavity.  By  their  alternate  action,  these 
muscles  produce  two  effects ;  the  one  a 
constant  friction  on  the  contents  of  the 
cavity,  the  other  a  pressure  upon  them. 
These  muscles  are  lined  with  a  cuticle 
which  is  extremely  callous,  and  which 
often  becomes  cartilaginous  and  even 
horny.  The  prodigious  power  with 
which  these  muscles  act,  and  the  cal¬ 
lous  nature  of  the  cuticle  that  lines 
them,  were  shown  in  a  striking  manner 
by  Reaumur  and  Spallanzani.  These 
distinguished  physiologists  in  the  course 
of  their  experiments  compelled  geese 
and  other  birds  to  swallow  needles,  lan¬ 
cets,  and  other  hard  and  pointed  sub¬ 
stances.  In  a  few  hours  after  the  ex 
periment,  the  birds  were  killed  and  ex¬ 
amined;  the  needles  and  lancels  wrere 
uniformly  found  broken  off  and  blunted, 
without  the  slightest  injury  having  been 
sustained  by  the  stomach.  Many  of 
these  species  assist  the  action  of  the  giz¬ 
zard  upon  the  food  by  swallowing  peb¬ 
bles,  which  in  some  measure  serve  the 
purpose  of  teeth,  and  some  tribes  cannot 
digest  their  food  without  this  aid.  Mr. 
Hunter  observed  that  the  size  of  the 
pebbles  is  always  in  proportion  to  that 
of  the  gizzards.  In  the  gizzard  of  the 
turkey  he  counted  twfo  hundred  :  in  that 
of  the  goose  a  thousand.  The  more  the 
student  of  nature  contemplates  these 
modifications,  and  the  more  the  phy¬ 
siologist  succeeds  in  discovering  Iheir 
use,  the  more  perfect  and  beautiful  the 
adjustments  appear. 

Of  the  Function  of  Digestion. 

The  assemblage  of  organs  which  has 
been  described,  constitutes  the  appara¬ 
tus  of  digestion :  their  action  by  which 
they  produce  the  requisite  series  of 
changes  upon  the  aliment  constitutes 
the  function. 

In  expounding  this  function  we  shall 
first  consider  the  changes  themselves ; 
and,  secondly,  the  means  by  which  they 
are  effected.  Under  the  first  head  will 
be  adduced  the  particular  facts,  or  phe¬ 
nomena  of  digestion,  and  under  the 
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second  will  be  given  an  account  of  the 
theories  which  have  been  invented  to 
connect  and  explain  them. 

Digestion  may  be  defined  to  be  that 
process  by  which  the  aliment  is  sub¬ 
jected  to  a  certain  succession  of  changes, 
by  means  of  which  it  is  fitted  for  nu¬ 
trition. 

Aliment  is  either  solid  or  fluid  ;  the 
process  for  producing  the  requisite 
changes  in  each  is  considerably  dif¬ 
ferent. 

Of  the  Digestion  of  Solid  Aliment. 

In  the  digestion  of  solid  aliment  the 
following  changes  take  place,  and  in  the 
following  order: — The  food  received  by 
the  mouth  undergoes  a  great  degree  of 
comminution  and  softening  by  the  or¬ 
gans  of  mastication.  When  thus  duly 
prepared,  it  is  transmitted  to  the  stomach 
by  the  act  of  deglutition.  In  the  sto¬ 
mach  it  is  converted  into  a  uniform  and 
almost  fluid  mass,  which  is  termed 
chyme.  The  chyme  passes  from  the 
stomach  into  the  first  intestine  or  duo¬ 
denum  (fig.  32,  D,  E,  II ;,  in  which  organ 
it  undergoes  a  further  change.  By  the 
action  cf  certain  secretions  which  are 
here  added  to  it,  it  is  separated  into  two 
distinct  and  exceedingly  different  sub¬ 
stances,  one  of  which  is  termed  chyle 
and  the  other  faecula.  The  chyle  is  the 
nutritive  portion  of  the  aliment,  and  is 
conveyed  by  a  particular  set  of  vessels, 
the  structure  and  the  course  of  which 
are  hereafter  to  be  described,  into  the 
blood.  The  fsecula  is  that  portion  of 
the  aliment  which  is  not  conducive  to 
nourishment,  and  which  is  conveyed  out 
of  the  body.  The  conversion  of  the 
crude  aliment  into  these  different  sub¬ 
stances  involves  processes  of  great  com¬ 
plexify  and  obscurity ;  but  the  accumu¬ 
lated  observations  and  experiments  cf 
physiologists  have  put  us  in  possession 
of  many  curious  and  important  facts 
relative  to  the  phenomena  which  take 
place,  and  to  their  order  of  succession. 

Of  the  Mastication  of  the  Food. 

The  first  part  of  the  digestive  process 
may  be  considered  as  entirely  mechani¬ 
cal.  From  the  comparative  view  which 
has  been  exhibited  of  the  apparatus  for 
mastication,  we  learn,  that  whatever  be 
the  structure  of  the  animal,  and  what¬ 
ever  the  nature  of  the  aliment  on  which 
it  subsists,  it  is  furnished  with  appro¬ 
priate  organs  for  the  purpose  of  break¬ 
ing  down  or  minutely  dividing  its  food. 
Sometimes  this  object  is  accomplished 
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by  mastication;  at  others  by  tritura¬ 
tion  ;  at  others  again  by  a  combination 
of  both  actions :  but  whatever  be  the 
expedient,  the  result  is  uniformly  the 
same  —  the  minute  division  of  the  aliment. 
This  preparatory  step  is  analogous  to 
that  which  is  necessary  to  many  chemi¬ 
cal  combinations.  Substances  which 
■are  capable  of  exerting  on  each  other 
the  most  powerful  action,  frequently 
produce  no  change  whatever  until  the 
attraction  of  cohesion  is  diminished,  and 
at  other  times  not  until  they  are  reduced 
to  a  softened  state.  Great  care  has 
been  taken  in  all  animals  to  bring  the 
food  into  both  conditions  before  it  is 
transmitted  to  the  organ  in  which  the 
proper  digestive  process  is  performed. 
We  have  seen  that  in  man,  the  mem¬ 
brane  which  lines  the  whole  internal 
surface  of  the  mouth  secretes  a  mucous 
fluid  which  is  mixed  with  the  food ;  that 
mucous  follicles,  situated  in  different 
parts  of  the  mouth,  continually  pour  out 
a  considerable  quantity  of  the  same 
kind  of  fluid,  and  that  there  are  in  ad¬ 
dition  six  large  glands,  termed  salivary, 
three  placed  on  each  side,  the  special 
office  of  which  is  to  prepare  the  saliva, 
which,  as  has  been  stated,  flows  in  such 
abundance  during  mastication  that  ac¬ 
cording  to  the  common  estimation  it 
amounts  to  upwards  of  eight  ounces 
during  a  single  meal.  It  can  scarcely 
be  doubted  that  the  maceration  of  the 
crude  aliment  in  a  fluid  thus  abundantly 
and  especially  provided  for  the  purpose 
by  secretion,  exerts  some  influence  over 
it  beyond  that  of  merely  softening  it. 

Of  Deglutition. 

When  the  food  is  completely  commi¬ 
nuted,  and  sufficiently  softened  by  im¬ 
bibing  the  fluids  of  the  mouth,  it  is 
conveyed  into  the  stomach  by  the  action 
of  deglutition.  Deglutition  is  not  a  me¬ 
chanical,  but  is  altogether  a  vital  action. 
The  food  does  not  descend  through  the 
oesophagus  by  its  own  gravity,  but  is 
propelled  by  muscular  contraction.  Few 
parts  of  the  animal  structure  exhibit  a 
more  beautiful  specimen  of  mechanism 
than  the  arrangement  and  action  of  the 
organs  that  are  concerned  in  this  func¬ 
tion.  Simple  and  easy  as  it  appears,  it 
is  really  extremely  complicated:  it  is 
produced  by  the  contraction  o'f  a  great 
number  of  muscles,  and  it  requires  the 
concurrence  of  several  very  important 
organs.  Each  part  of  the  apparatus 
produces  an  independent  specific  effect, 
and  the  result  of  their  combined  action 


is  the  attainment  of  the  object  in  the 
most  perfect  manner. 

As  soon  as  it  is  sufficiently  commi¬ 
nuted  by  the  teeth,  the  aliment  is  col¬ 
lected  together  and  moulded  into  a  suit¬ 
able  form  by  the  combined  action  of 
the  muscles  of  the  cheeks  and  tongue. 
Thus  prepared,  the  morsel  is  conveyed  by 
the  action  of  these  organs  to  the  dorsum, 
or  upper  and  back  part  of-the  tongue,  and 
the  tongue  pressing  with  its  apex  against 
the  palate  as  against  a  fulcrum,  conveys 
it  into  the  pharynx,  a  musculo-mem- 
branous  bag  situated  in  the  back  part  of 
the  throat  (Jig.  38,  a  a  a).  By  one 

Fig.  38. 


Represents  the  hack  part  of  the  head  with  the 
ears:  or  a  posterior  view  of  the  pharynx,  and 
other  parts  described  ;  a,  a,  a,  a,  represent  the 
the  bag  of  the  pharynx  cut  open  in  order  to 
allow  the  other  organs  to  be  seen  ;  b,  the  con¬ 
tinuation  of  the  bag  of  the  pharynx,  which  is 
seen  to  be  contracted  into  the  form  of  a  tube, 
called  the  oesophagus,  and  which  terminates  in 
the  stomach;  c,  the  glottis;  d,  the  epiglottis; 
e,  the  trachea.  Other  cavities  are  seen  open¬ 
ing  into  the  great  bag  of  the  pharynx;  two 
above  which  represent  the  openings  into  the 
pharynx  from  the  nostrils,  and  one  below  from 
the  mouth. 

set  of  muscles,  with  which  it  is  in  con  ¬ 
nection,  the  pharynx,  the  moment  the 
tongue  is  ready  to  transmit  the  morsel 
to  it,  is  drawn  upwards  in  order  to  re¬ 
ceive  it ;  and  by  another  set  of  muscles 
it  is  also  at  the  same  instant  expanded, 
this  simultaneous  elevation  and  opening 


ANIMAL  PHYSIOLOGY. 


of  the  bag  being  indispensable  to  its 
reception  of  the  food.  Having  received 
the  morsel,  the  muscles  of  which  the 
pharynx  is  composed  are  stimulated  to 
contraction  by  its  contact.  By  the  con¬ 
traction  of  these  muscles  the  morsel  is 
compressed  and  propelled  into  the  oeso¬ 
phagus,  which  latter  organ  is  constantly 
kept  in  a  moistened  state  by  mucous 
fluid,  which  considerably  facilitates  the 
passage  of  the  food.  Numerous  other 
openings  {fig.  38),  several  of  them  of 
considerable  size,  and  which  are  con¬ 
nected  with  organs  that  perform  some  of 
the  most  important  functions  in  the  eco¬ 
nomy,  are  situated  either  in  the  pharynx, 
or  in  its  immediate  neighbourhood.  It 
was  necessary  to  guard  with  special 
care  against  the  entrance  of  the  food  into 
either  of  these  openings,  for  such  an 
event  would  be  attended,  in  any  case, 
with  great  inconvenience,  and  in  some, 
with  almost  instant  death.  The  variety, 
the  simplicity,  and  yet  the  efficacy  of  the 
expedients  which  are  adopted  to  pre¬ 
vent  such  an  occurrence,  cannot  be 
contemplated  without  the  highest  admi¬ 
ration. 

From  the  pharynx  the  food  is  con¬ 
veyed,  as  we  have  seen,  to  the  oesopha¬ 
gus  (fig.  3$,  b).  The  superior  part  of  the 
oesophagus,  which  is  continuous  with  the 
pharynx,  is,  like  it,  at  first  expanded  to 
receive  the  morsel,  and  is  then  excited  to 
contraction  by  its  contact.  By  this  con¬ 
traction  it  is  propelled  onwards  ;  the 
mucus  with  which  the  entire  surface  of 
the  oesophagus  is  lubricated  facilitating 
its  passage,  while  the  pressure  of  the 
morsel  above  first  of  all  distends  that 
part  of  the  oesophagus  which  is  immedi¬ 
ately  below,  and  then  by  its  presence 
simulates  its  muscular  fibres  to  con¬ 
traction.  By  these  alternate  dilatations 
and  contractions  the  morsel  is  at  length 
propelled  into  the  stomach. 

On  carefully  observing  these  succes¬ 
sive  actions,  it  is  found  that  the  morsel 
passes  with  very  different  degrees  of 
rapidity  through  different  parts  of  its 
course.  On  watching  the  action  of  the 
organ,  Boerhaave  was  so  struck  with  the 
extreme  rapidity  of  its  motion,  that  he 
said,  the  food  is  transmitted  through 
the  pharynx  by  a  convulsive  action  of 
its  muscles.  The  necessity  of  this  will 
be  perceived,  w’hen  it  is  remembered 
that  the  larynx,  the  commencement  of 
the  air-tube  of  the  lungs,  is  placed  be¬ 
fore  the  pharynx  (fig.  38,  d,c,e) ;  that  this 
air-tube  must  necessarily  be  closed  while 
the  food  passes  over  it,  and  that  the 
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closure  of  its  opening,  only  for  a  few 
seconds,  would  materially  obstruct  the 
function  of  respiration,  one  of  the  most 
indispensable  functions  of  the  animal 
econ'omy.  M.  Magendie  has  shown 
that  the  progress  of  the  food  through  the 
oesophagus  is  exceedingly  different;  that 
it  occasionally  stops  at  different  parts 
of  the  passage ;  that  it  remains  some 
time  at  each  station,  and  is  often  two  or 
three  minutes  in  reaching  the  stomach. 
For  the  reason  just  assigned,  were  this 
delay  to  take  place  in  the  pharynx,  it 
would  inevitably  occasion  death.  De¬ 
glutition,  then,  consists  of  three  distinct 
stages  ;  first,  of  the  passage  of  the  food 
from  the  mouth  into  the  pharynx ;  se¬ 
condly,  from  the  pharynx  into  the  oeso¬ 
phagus  ;  and  thirdly,  from  the  oesophagus 
into  the  stomach. 

Of  the  Arrangement  of  the  Food  in  the 
Stomach. 

We  owe  to  Dr.  Wilson  Philip  an  inte¬ 
resting  account  of  the  phenomena  which 
take  place  immediately  after  the  food  is 
received  by  the  stomaeh  The  alimen¬ 
tary  mass  passes  first  into  the  cardiac 
portion  of  the  organ  (fig.  30,  b).  It  is 
in  this  part  of  the  stomach  that  diges¬ 
tion  is  most  actively  performed.  In 
cases  of  sudden  death,  after  a  full  meal 
taken,  when  the  person  was  in  sound 
health,  the  coats  of  the  stomach  itself 
are  apt  to  be  digested :  but  this  diges¬ 
tion  of  the  organ  is  most  commonly 
found  in  its  cardiac  portion.  Dr.  Philip 
states,  that  if  a  rabbit  be  killed  soon 
after  eating  a  hearty  meal,  the  cardiac 
extremity  will  be  found  completely  di¬ 
gested  in  almost  every  instance ;  but  that, 
in  the  numerous  experiments  he  has 
performed,  he  never  saw  the  coats  of 
the  organ  eaten  through,  excepting  at 
its  large  end.  Although,  after  death, 
the  stomach  must  be  equally  subject  to 
the  action  of  the  gastric  juice  as  any 
other  dead  animal  matter,  yet  it  is  not 
a  little  extraordinary  that  the  gastric 
juice  of  the  rabbit  which,  in  its  natural 
state,  refuses  animal  food,  should  be 
capable  of  digesting  its  own  stomach,  so 
completely  as  to  leave  not  a  single  trace 
cf  the  parts  on  which  it  has  acted. 

The  digestion  of  the  food  til  ways  takes 
place  from  the  surface  towards  the  cen¬ 
tre  of  the  mass:  the  nearer  it  lies  to 
the  surface  of  the  stomach  the  more  it 
is  acted  on,  and  that  part  of  it  which  is 
in  actual  contact  with  its  wall  is  more 
digested  than  any  other  portion. 

The  new  food  is  never  mixed  with  the 


40 


ANIMAL  PHYSIOLOGY. 


old:  the  new  is  always  found  in  the 
centre,  surrounded  on  all  sides  by  the 
old  :  if  the  old  and  the  new  are  of  dif¬ 
ferent  kinds,  the  line  of  separation  be¬ 
tween  them  is  so  evident  that  the  old 
may  be  completely  removed  without 
disturbing  the  new  ;  and  if  they  are  of 
different  colours,  that  line  can  often  be 
distinctly  traced  through  the  walls  of 
the  organ  before  it  is  opened. 

In  proportion  as  the  food  is  digested, 
it  is  gently  moved  along  from  the  car¬ 
diac  (fig.  30,  b )  towards  the  pyloric  end 
{fig.  30,  e).  As  the  layer  which  lies  next 
the  surface  of  the  stomach  first  un¬ 
dergoes  the  requisite  change,  and  is  pro¬ 
pelled  onwards  by  the  muscular  action 
of  the  organ,  so  the  portion  which  lies 
next  it  succeeds  in  turn  to  be  sub¬ 
mitted  to  the  same  process.  The  gas¬ 
tric  juice,  at  the  same  time,  pervades  in 
a  greater,  or  less  degree,  the  entire  ali¬ 
mentary  mass,  so  that  when  the  central 
part  comes  into  contact  with  the  sur¬ 
face  of  the  stomach,  its  digestion  is  al¬ 
ready  considerably  advanced. 

The  food  remains  in  the  stomach  up¬ 
wards  of  an  hour  before  any  change  in 
it  becomes  perceptible.  It  is  commonly 
stated  that  a  meal  is  completely  digested 
in  the  human  stomach  in  about  four 
or  five  hours.  If  this  statement  be  cor¬ 
rect,  the  digestion  in  other  animals  is 
much  slower.  In  experiments  per¬ 
formed  on  dogs  which  had  eaten  as 
much  flesh  as  they  chose,  and  which 
were  killed  six  hours  after  the  meal,  it 
was  found  that  the  stomach  was  still 
nearly  full,  and  that  the  surface  of  the 
food  next  the  wall  of  the  stomach  was 
acted  on  throughout  in  the  manner  just 
described.  From  the  experiments  of 
Dr.  Philip,  it  appears  that,  in  the  rabbit, 
the  central  part  of  the  mass  of  food  in 
the  cardiac  portion  of  the  stomach  was 
not  as  much  digested  as  that  next  the 
surface  of  the  organ,  until  the  animal 
had  fasted  sixteen  or  eighteen  hours. 
And  Sir  Everard  Home  states  that  the 
stomach  of  this  animal  is  never  com¬ 
pletely  empty,  but  that  when  it  dies 
after  fasting,  however  long  continued,  it 
is  always  found  to  contain  a  consider¬ 
able  quantity  of  food. 

It  has  been  stated  that,  as  the  aliment 
is  digested,  it  is  gradually  accumulated 
at  the  pyloric  extremity  of  the  stomach. 
This  portion  of  the  food  has  experienced 
the  most  complete  digestion  which  it  is 
capable  of  undergoing  in  this  organ, 
and  is  termed  chyme.  Chyme  is  a  pul- 
taceous  and  almost  fluid  substance,  of 


a  greyish  colour,  of  a  sharp  odour,  and 
of  an  acid  taste,  reddening  paper  co¬ 
loured  with  turnsole.  It  is  commonly 
said  to  be  perfectly  homogeneous  in  its 
nature ;  and  that,  whatever  be  the 
species  of  the  food,  the  resulting  mass 
is  uniformly  the  same,  never  exhibiting 
any  of  the  sensible  properties  of  the 
crude  alimentary  matter.  But  this  state¬ 
ment  is  not  correct:  for  we  learn  by 
actual  experiment  that  chyme  produced 
from  vegetable  differs  in  colour,  in  con.- 
sistence,  and  in  some  other  sensible 
properties  from  that  procured  from  ani¬ 
mal  substance. 

When  thus  completely  formed  in  the 
stomach,  the  chyme  is  gradually  pro¬ 
pelled  by  the  alternate  contraction  and 
relaxation  of  the  muscular  fibres  of  the 
organ  towards  its  pyloric  extremity 
(fig.  30,  e).  Here  it  accumulates  in  a 
certain  quantity  before  it  is  permitted 
to  pass  through  the  pylorus :  which,  as 
has  been  stated,  consists  of  a  ring  of 
muscular  fibres,  of  the  structure  and 
arrangement  of  which  it  is  impossible 
to  convey  an  accurate  idea  by  any  plate ; 
but  the  position  of  which  is  represented 
by  the  white  ring,  marked  d,  d,  in  fig. 
39 ;  while  its  opening,  through  which 
the  chyme  passes,  is  pointed  out  by  the 

Fig.  39. 


a,  pyloric  extremity  of  the  stomach  ;  b,  b,  section 
of  the  beginning  of  the  duodenum ;  d,  d>  the 
ring  of  muscular  fibres  constituting  ttm  pylo¬ 
rus  ;  c,  the  opening  of  the  pylorus,  through 
which  the  chyme  passes  from  the  stomach  to 
the  duodenum. 


Fig.  40. 


Represents  the  pylorus  in  the  natural  state,  in 
which  it  is  more  contracted  than  when  dis¬ 
tended  and  dried. 
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letter  c.  It  would  appear  that  the 
accumulation  of  the  chyme  at  this  ex¬ 
tremity  of  the  stomach,  never  exceeds 
four  ounces  at  any  one  time.  M. 
Magendie  states  that  in  the  nume¬ 
rous  experiments  in  which  he  has 
had  an  opportunity  of  observing  it,  he 
has  uniformly  remarked  that  when  it 
amounts  to  about  two  or  three  ounces, 
it  is  admitted  through  the  opening  of  the 
pylorus  into  the  duodenum  (Jig.  39,  b  b). 
Nothing  in  the  animal  economy  is  more 
curious  and  wonderful  than  the  action 
of  that  class  of  organs  of  which  the 
pylorus  affords  a  remarkable  example. 
If  a  portion  of  undigested  food  pre¬ 
sent  itself  at  this  door  of  the  stomach, 
it  is  not  only  not  permitted  to  pass, 
but  the  door  is  closed  against  it  with 
additional  firmness :  or,  in  other  words, 
the  muscular  fibres  of  the  pylorus,  in¬ 
stead  of  relaxing,  contract  with  more 
than  ordinary  force.  In  certain  cases, 
where  the  digestion  is  morbidly  slow, 
or  when  very  indigestible  food  has  been 
taken,  the  mass  is  carried  to  the 
pylorus  before  it  has  been  duly  acted 
on  by  the  gastric  juice :  then,  instead 
of  inducing  the  pylorus  to  relax  in  or¬ 
der  to  allow  of  its  transmission  to  the 
duodenum,  it  causes  it  to  contract  with 
so  much  violence  as  to  produce  pain, 
while  the  food  thus  retained  in  the  sto¬ 
mach  longer  than  natural  disorders  the 
organ  ;  and  if  the  digestion  cannot  ulti¬ 
mately  be  performed,  that  disorder  goes 
on  increasing  until  vomiting  is  excited, 
by  which  means  the  load  that  oppressed 
it  is  expelled.  The  pylorus  is  a  guar¬ 
dian  placed  between  the  first  and  the 
second  stomach,  in  order  to  prevent  any 
substance  from  passing  from  the  former 
until  it  is  in  a  condition  to  be  acted  upon 
by  the  latter :  and  so  faithfully  does  this 
guardian  perform  its  office  that  it  will 
often,  as  we  have  seen,  force  the  stomach 
to  reject  the  offending  matter  by  vomit¬ 
ing  rather  than  allow  it  to  pass  in  an 
unfit  state :  whereas,  when  chyme  duly 
prepared  presents  itself,  it  readily  opens 
a  passage  for  it  into  the  duodenum. 
This  eminently  vital  property  of  the  mus¬ 
cular  fibre,  of  most  essential  and  varied 
use  in  the  economy,  by  which  it  is  obe¬ 
dient  only  to  particular  stimuli,  will  be 
further  spoken  of  hereafter. 

Of  the  Formation  of  Chyle. 

In  the  duodenum  the  chyme  under¬ 
goes  a  further  change.  After  it  has 
been  a  short  time  in  this  organ  it  is  ob¬ 
served  to  separate  into  two  parts,  rnto 


a  white  fluid,  which  is  detached  from  the 
common  mass,  and  which  constitutes 
the  proper  nutritive  substance :  this  is 
termed  chyle :  and  into  a  residual  mat¬ 
ter  which  is  not  nutritive,  but  which  is 
ultimately  converted  into  faeces  and  re¬ 
jected  from  the  system.  We  are  as 
ignorant  of  the  mode  by  which  chyme 
is  converted  into  chyle,  as  of  that  by 
which  the  crude  alimentary  matter  is 
changed  into  chyme :  but  as  the  agent 
by  which  the  former  is  produced  may 
be  considered  as  ascertained,  so  that  by 
which  the  latter  is  effected  may  be  stated 
to  be  known  with  a  high  degree  of  pro¬ 
bability.  It  is  observed  that  the  chyme, 
soon  after  it  enters  the  duodenum,  is 
mixed  with  two  specific  secretions,  that 
of  the  pancreas  (fig.  35,  C),  which  is 
termed  the  pancreatic  juice,  and  that  of 
the  liver  (fig. 32,  A  A),  which  is  called 
the  bile.  In  living  animals  the  bile  is 
seen  to  exude,  at  intervals,  from  the  ex¬ 
cretory  duct  of  the  liver  termed  the  duc¬ 
tus  communis  choledochus  (fig.  32,  F). 
A  drop  appears  at  the  orifice  of  the  canal, 
and  diffuses  itself  over  the  neighbouring 
surface  about  twice  in  a  minute.  It  is 
remarked  that  the  pancreatic  secretion 
is  admitted  to  the  intestine  through  the 
pancreatic  duct  (fig.  32,  G)  still  more 
slowly.  The  chyme  is  observed  to  be 
accumulated  in  the  greatest  quantity 
about  the  orifice  of  the  ductus  commu¬ 
nis  choledochus.  The  moment  the  bile 
is  mixed  with  it,  a  striking  change  takes 
place  in  the  entire  mass :  it  loses  its  own 
sensible  properties,  and  acquires  those 
of  the  bile,  especially  its  colour  and  bit¬ 
terness.  In  a  short  space  of  time  a 
spontaneous  change  is  observed  to  take 
place  in  the  compound :  it  separates 
into  a  thick,  whitish,  cream-like  fluid, 
and  into  a  yellow  pulp :  the  white  fluid 
is  the  chyle ;  the  yellow  pulp  is  the 
excrementitious  portion.  Both  together 
are  now  slowly  carried  along  the  small 
intestines  (fig.  32,  K  K).  The  chyle  thus 
separated  from  the  chyme,  is  found  al¬ 
ready  to  possess  the  most  remarkable 
property  of  the  circulating  blood, 
namely,  that  of  coagulation.  It  is 
observed  to  adhere  with  some  tenacity 
to  the  internal  or  mucous  coat  of  the 
intestine ;  for  if  this  portion  of  the  canal 
be  examined  in  an  animal  killed  after 
having  recently  taken  food,  this  matter 
will  be  found  in  a  state  of  coagulation 
adhering  with  considerable  firmness  to 
the  mucous  coat.  This  adhesion  of 
the  chyle  to  the  surface  of  its  containing 
tube,  does  not  appear  to  arise  from  any 
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adhesive  property  m  the  chyle  itself,  but 
is  supposed  to  be  rather  the  effect  of  a 
species  of  attraction  exerted  by  the 
mucuous  coat  for  this  peculiar  matter  : 
to  be  a  vital  action  referrible  to  a  class 
of  vital  actions  highly  curious  in  their 
nature,  of  which  the  animal  economy 
affords  numerous  examples.  It  was 
necessary  that  the  nutrient  matter 
should  be  brought  into  a  certain 
degree  of  contact  with  the  mucous  sur¬ 
face  of  the  intestine,  and  should  be 
held  in  contact  with  it  for  a  certain 
length  of  time,  in  order  that  the  lacteal 
vessels  might  have  the  means  of 
absorbing  it :  the  mucous  membrane  of 
the  intestine  is  therefore  endowed  with 
the  power  of  attracting  this  matter  to 
itself:  thus  exhibiting  a  beautiful  ex¬ 
ample  of  that  peculiar  relation,  or,  as  it 
is  sometimes  termed,  consent  between 
containing  and  contained  parts  which 
is  so  characteristic  of  life.  The  pro¬ 
gress  of  the  chyle  through  this  part  of 
the  canal,  is  likewise  rendered  slower 
by  the  folds  of  Ihe  mucous  membrane, 
termed  th evalvulcs conniventes  (Jig. 34). 
As  it  passes  along  the  tube  it  gradually 
disappears,  becoming  smaller  and 
smaller  in  quantity,  until  at  length  it 
is  nearly  lost  at  the  point  where  the 
smail  intestines  terminate  in  the  large 
(fig.  33,  E).  The  yellow  pulpy  sub¬ 
stance  forming  the  excrementitious  part 
of  the  aliment  is  transmitted  from  the 
ileum,  the  last  of  the  small  intestines  to 
the  caecum,  the  first  of  the  large 
(fig.  33,  E);  whence  it  passes  through 
the  whole  tract  of  the  latter,  and  is 
finally  conveyed  out  of  the  body  in  the 
form  of  faeces. 

The  chyle  nearly  approximates  to 
the  nature  of  the  blood.  Like  it,  when 
removed  from  the  body,  as  has  just  been 
stated,  it  spontaneously  coagulates  ; 
that  is,  it  separates  into  a  dense  whitish 
mass  termed  the  coagulum,  and  into 
a  transparent  colourless  fluid.  The 
basis  of  the  coagulum  is  found  to  be 
a  substance  closely  resembling  the 
fibrine  of  the  blood,  and  the  fluid 
part  to  be  very  similar  to  its  serum :  it 
exhibits  the  same  chemical  properties  as 
the  corresponding  parts  of  the  blood,  and 
it  also  resembles  this  fluid  in  the  nature 
of  its  salts  :  but  all  these  circumstances 
will  be  better  understood  after  the  blood 
has  been  described.  It  has  been  already 
stated  that  when  the  chyle  is  examined 
with  the  microscope  it  is  found  to  con¬ 
sist  of  innumerable  globules  ;  that  these 
globules  have  been  examined  with  great 


'diligence  by  Dr.  Edwards,  who  informs 
us  that  they  are  exactly  of  the  same  mag¬ 
nitude,  and  possess  precisely  the  same 
physical  properties  as  the  central  globule 
of  the  blood  when  divested  of  its  external 
colouring  envelop.  This  distinguished 
physiologist  likewise  maintains  that  both 
the  globule  of  the  chyle  and  the  central 
globule  of  the  blood  exhibit  precisely  the 
same  physical  properties  as  t'he  globules 
that  compose  the  primitive  tissues  of  the 
body  ;  and  that  thus,  as  soon  as  t'he  fluid 
which  is  destined  to  nourish  the  body  is 
formed,  the  organic  molecules  of  which 
the  body  itself  consists  are  discoverable 
in  it.  Later  microscopical  observations, 
however,  place  in  considerable  doubt 
the  accuracy  of  those  which  have  pre¬ 
ceded. 

Of  the  Digestion  of  Fluids. 

Fluid  substances  obviously  require  to 
be  subjected  to  none  of  the  preparatory 
processes  which  are  indispensable  to 
the  digestion  of  solid  aliment :  they 
need  no  mastication  and  no  admixture 
with  the  liquids  of  the  mouth.  Their 
deglutition  is  more  easy  and  rapid  on 
account  of  their  greater  divisibility.  The 
series  of  changes  they  undergo  in  the 
stomach,  is  by  no  means  well  under¬ 
stood.  It  is  ascertained  that  they 
remain  a  much  shorter  time  in  the  sto¬ 
mach  than  solid  aliment.  If  the  sto¬ 
mach  of  an  animal  be  examined  very 
shortly  after  it  has  drunk  copiously,  it 
is  found  completely  empty  of  fluid. 
Until  lately,  it  was  supposed  that  fluids 
like  solids  are  transmitted  from  the  sto¬ 
mach  to  the  duodenum  through  the 
opening  of  the  pylorus,  and  their  rapid 
disappearance  was  accounted  for  from 
their  finding  a  ready  passage  through 
the  pylorus,  on  account  of  their  easy  di¬ 
visibility.  ButM.  Magendie  has  shown 
that  if  a  ligature  be  placed  around  the 
pylorus,  so  as  to  prevent  the  possibility 
of  their  exit  through  that  aperture,  they 
disappear  from  the  stomach  with  al¬ 
most  equal  rapidity.  Recently,  profes¬ 
sors  Tiedemann  and  Gmelin  have  inves¬ 
tigated  this  subject  with  great  care,  and 
they  state  in  the  most  positive  manner, 
that  they  have  ascertained  from  nume¬ 
rous  experiments,  of  which  it  is  impos¬ 
sible  to  give  any  account  in  the  present 
place,  that  the  fluids  of  the  stomach 
are  rapidly  taken  up  by  the  absorbents 
of  the  organ  ;  that  they  are  immediately 
conveyed  by  these  vessels  to  the  liver, 
and  that  they  circulate  directly  through 
thatviscus.  The  object  of  this  curious 


ANIMAL  PHYSIOLOGY. 


43 


disposition  is  at  present  wholly  unknown, 
and  the  fact  itself  cannot  be  received 
without  further  confirmation. 

Of  the  Theories  of  Digestion. 

The  principal  theories  which  have  been 
invented  to  connect  and  explain  the 
preceding  phenomena  are  those  of  con¬ 
coction,  putrefaction,  trituration,  che¬ 
mical  solution,  vital  energy,  and  ner¬ 
vous  influence. 

The  oldest  hypothesis  of  digestion  on 
record,  is  that  of  concoction,  which  was 
maintained  by  Hippocrates,  and  de¬ 
scended  down  through  Galen  to  com¬ 
paratively  modern  times.  But  concoc¬ 
tion  is  only  another  word  for  digestion  ; 
and  to  say  that  the  function  of  diges¬ 
tion  is  performed  by  the  process  of  con¬ 
coction  is  not  to  propose  a  theory,  but 
merely  to  employ  another  word  to  ex¬ 
press  the  process  itself. 

That  digestion  is  not  performed  by  a 
process  analogous  to  that  of  putrefaction 
is  proved  by  the  facts  that  the  first  ef¬ 
fects  of  the  application  of  the  gastric 
juice  to  the  alimentary  mass  is  to  resist 
putrefaction,  and  to  suspend  the  process 
even  after  it  has  actually  commenced. 

The  mechanical  physiologists  endea¬ 
voured  to  account  for  all  the  phenomena 
of  digestion  by  trituration.  Calculations 
were  made,  apparently  with  mathemati¬ 
cal  accuracy,  to  ascertain  the  force  that 
would  be  required  for  the  performance 
of  the  function  in  this  mode  ;  and  ac¬ 
cordingly  Pitcairn  estimates  that  the 
force  of  the  muscular  fibres  of  the  sto¬ 
mach  is  equal  to  12.951  pounds.  The 
facts  which  refute  this  hypothesis  are 
already  before  the  reader :  namely,  first 
that  the  stomach  of  most  animals  is  en¬ 
tirely  membranous,  and  cannot  possibly 
exert  the  requisite  power ;  and  secondly, 
that  digestion  is  performed  under  cir¬ 
cumstances  in  which  trituration  cannot 
operate,  as  is  proved  by  the  experiments 
of  Spallanzani,  Stephens,  and  others, 
immediately  to  be  detailed. 

The  theory  of  chemical  solution  is  di¬ 
rectly  favoured  by  all  the  experiments 
that  disprove  the  former  hypothesis. 
The  evidence  that  the  stomach  secretes 
a  peculiar  fluid,  which  acts  chemically 
upon  the  aliment,  and  that  nothing  fur¬ 
ther  is  necessary  to  produce  these  ac¬ 
tions,  than  to  bring  the  two  substances 
into  contact,  may  be  said  to  be  com¬ 
plete.  Among  the  numerous  experi¬ 
ments  which  have  been  performed  to 
establish  this  point,  the  most  curious 
and  important  are  the  following. 


Spallanzani  inclosed  different  alimen¬ 
tary  substances  in  metallic  balls  perfo¬ 
rated  with  holes,  and  in  pieces  of  porous 
cloth.  These  were  introduced  into  the 
stomach,  and  after  having  remained 
there  for  a  certain  time  were  withdrawn : 
on  their  removal,  it  was  found  that  the 
matters  inclosed  were  more  or  less  dis¬ 
solved,  while  the  containing  substances, 
whether  metal  or  cloth,  were  not  acted 
upon  in  the  slightest  degree.  Since  this 
effect  could  not  possibly  be  produced  by 
mechanical  means,  there  seems  no  other 
resource,  but  to  suppose  that  it  was  ac¬ 
complished  by  chemical  agency. 

By  vomiting,  mechanically  excited,  the 
same  experimentalist  threw  up  from  his 
own  stomach  a  tube  perforated  with 
holes,  and  containing  beef  which  he  hed 
swallowed  four  hours  before.  The  flesh 
was  thoroughly  soaked  with  the  fluid  of 
the  stomach:  its  surface  was  soft  and 
gelatinous:  it  had  wasted  from  fifty- 
three  to  thirty-eight  grains. 

1.  With  a  view  of  prosecuting  these 
researches,  Dr.  Stephens  took  advantage 
of  a  man  who  had  been  in  the  habit  of 
swallowing  stones,  and  afterwards  of  re¬ 
jecting  them  from  the  stomach.  This 
experimentalist  caused  the  man  to  swal¬ 
low  hallow  metallic  spheres,  perforated 
with  numerous  orifices,  and  filled  with 
different  kinds  of  alimentary  matter.  By 
numerous  experiments,  it  was  esta¬ 
blished  that  When  a  hollow  silver  sphere 
containing  raw  or  cooked  flesh  or  vege¬ 
tables,  and  perforated  with  holes  that 
would  admit  a  crow  quill,  was  swallowed, 
it  was  rejected  per  mum,  in  about  forty 
hours,  and  was  always  perfectly  empty. 

2.  That  the  gastric  juice  acts  chemi¬ 
cally  upon  the  food  is  proved  by  the 
fact  that  alimentary  substances  in  the 
progress  of  digestion  present  precisely 
the  appearances  which  they  would  ex¬ 
hibit  were  they  exposed  to  the  influence 
of  chemical  agents.  It  is  truly  stated 
by  M.  Magendie,  that  the  surface  of 
food  undergoing  the  process  of  diges¬ 
tion  consists  of  a  soft  layer  which  is 
easily  detached  from  the  undigested 
part,  and  which  has  every  appearance 
of  having  been  acted  on  by  a  re-agent 
capable  of  dissolving  it,  and  that  the 
white  of  a  hard-boiled  egg,  for  example, 
appears  just  as  if  it  had  been  plunged 
in  vinegar,  or  in  a  solution  of  potash. 

3.  The  effect  produced  by  the  gastric 
juice  on  the  substances  exposed  to  it 
bears  no  proportion  whatever  to  their 
mechanical  texture,  or  to  their  other 
physical  properties.  While  it  acts  upon 
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the  densest  membrane ;  while  it  speedily 
dissolves  bone  itself,  it  produces  not  the 
slightest  effect  upon  many  substances 
of  the  most  delicate  texture ;  the  skins 
of  fruit,  for  example,  and  even  the 
finest  fibres  of  flax  and  cotton  are  not 
in  the  smallest  degree  affected  by  it. 
This  selection  of  substances  exactly 
resembles  the  operation  of  chemical 
affinity,  and  is  decidedly  contrary  to 
what  would  be  the  effect  of  mechanical 
agency. 

4.  The  gastric  juice  produces,  on 
certain  substances,  effects  which  un¬ 
questionably  are  of  a  chemical  nature. 
Thus  it  occasions  the  coagulation  of 
albuminous  fluids,  and  prevents  putre¬ 
faction.  An  infusion  of  the  proper 
stomach  of  the  calf,  termed  ren¬ 
net,  is  commonly  employed  for  the 
coagulation  of  milk,  a  small  quantity  of 
which  converts  the  albuminous  portion 
of  milk  into  the  state  of  curd.  The 
antiseptic  power  of  the  gastric  juice 
was  abundantly  established  by  the  ex¬ 
periments  of  Spallanzani,  who  observed, 
that  in  carnivorous  animals,  which  fre¬ 
quently  take  their  food  in  a  putrid  state, 
the  first  operation  of  the  stomach  was 
to  remove  this  foetor.  It  was  also  found 
that  if  the  gastric  juice  be  added  to  sub¬ 
stances  out  of  the  body,  it  resists  their 
putrefaction,  and  even  suspends  the  pro¬ 
cess  when  it  has  commenced. 

But  wonderful  and  irresistible  as  the 
action  of  the  gastric  juice  is  proved  to 
be,  it  is  destitute  of  any  sensible  pro¬ 
perties  upon  which  its  power  can  de¬ 
pend,  or  with  which  its  agency  can  be 
connected.  According  to  eveiy  test 
which  it  is  in  our  power  to  apply  to  it, 
it  appears  to  be  exceedingly  analogous 
to  saliva,  or  to  the  ordinary  secretions  of 
the  mucous  membranes, — fluids  which, 
so  far  from  indicating  any  active  pro¬ 
perties,  are  remarkable  for  their  bland¬ 
ness.  This  apparent  inertness  has  sug¬ 
gested  doubts  whether  it  really  possess 
the  active  agency  which  is  attributed  to 
it,  and  has  led  to  the  institution  of  ex¬ 
periments  to  ascertain  whether  it  is 
capable  of  producing  effects  out  of  the 
body  analogous  to  those  which  it  ac¬ 
complishes  within  the  stomach.  In 
order  to  learn  whether  chyme  can  be 
formed  by  the  gastric  juice  out  of  Ihe 
stomach,  Spallanzani  procured  this  fluid 
from  the  stomachs  of  various  animals  ; 
and  on  mixing  it  with  different  alimen¬ 
tary  substances,  it  was  found  that  it 
actually  does  exert  an  influence  very 
similar  to  that  which  is  supposed  to  take 


place  within  the  stomach.  Some  of  this 
fluid  was  put  into  a  glass  tube  with 
boiled  beef  that  had  been  masticated ; 
the  tube  was  then  hermetically  sealed 
and  exposed  near  the  fire  to  a  consider¬ 
able  heat ;  by  the  side  of  this  tube  was 
placed  another,  containing  the  same 
quantity  of  flesh  immersed  in  water. 
In  twelve  hours  the  flesh  in  the  tube 
containing  the  gastric  juice  began  to 
lose  its  fibrous  structure  ;  in  thirty-five 
hours  it  had  entirely  lost  its  consistence  ; 
it  appeared,  as  far  as  the  eye  could  judge 
of  it,  to  be  reduced  to  apultaceous  mass, 
and  no  further  change  was  produced  in 
it  by  the  gastric  fluid  during  the  two 
following  days.  On  the  other  hand,  the 
flesh  that  had  been  immersed  in  water 
was  putrid  in  sixteen  hours.  Although 
it  is  impossible  to  imitate  out  of  the 
stomach  several  very  important  cir¬ 
cumstances  which  occur  in  the  natural 
process,  yet  this  experiment  appears  to 
have  accomplished  a  near  approach  to 
chymification ;  and  upon  the  whole, 
what  has  been  stated,  may  be  said 
to  present  a  chain  of  clear  and  satis¬ 
factory  evidence  leading  to  the  general 
conclusion  that  the  food  in  the  stomach 
is  converted  into  chyme  by  the  fluid 
secreted  from  its  surface,  and  that  this 
change  is  effected  by  a  proper  chemical 
action. 

Dr.  Prout  has  recently  discovered, 
that  during  the  process  of  ehymification, 
muriatic  acid  is  always  present,  a  fact 
confirmed  by  the  testimony  of  professors 
Tiedemann  and  Gmelin,  who  state  that 
in  all  their  researches  they  uniformly 
detected  the  presence  of  an  acid.  Occa¬ 
sionally  heat,  and  not  unfrequently  gas, 
are  also  evolved ;  but  whether  these.pro- 
ducts  form  a  necessary  part  of  the  pro¬ 
cess  when  exercised  in  a  perfectly 
healthy  manner,  or  whether  and  how 
far  they  arise  from  a  morbid  condition 
of  the  function,  is  not  ascertained. 

Some  physiologists  are  of  op.inion  that 
it  is  possible  to  advance  a  step  further, 
and  to  determine  the  particular  kind  of 
chemical  action  by  which  the  gastric 
juice  produces  the  requisite  changes  in 
the  food.  They  think  the  faets  observed 
warrant  the  conclusion  that  it  acts  as  a 
specific  ferment.  In  chemical  solution, 
two  bodies  act  upon  each  other  and  pro¬ 
duce  a  third  substance  possessed  of  new 
properties  ;  in  fermentation,  the  elemen 
tary  principles  of  bodies  are  disengaged, 
and  enter  into  new  combinations.  N ow, 
since  there  is  reason  to  believe  that 
every  compound  substance  must  be  de- 


ANIMAL  PHYSIOLOGY. 


45 


composed  in  order  to  fit  it  for  nutrition, 
it  is  argued  that  this  very  reason  seems 
to  justify  the  conclusion,  that  the  pro¬ 
cess  of  digestion  does  not  consist  in 
their  chemical  solution,  but  in  a  specific 
fermentation.  And  it  is  further  stated 
in  favour  of  this  view,  that  there  are 
several  specific  fermentations  with  which 
we  are  acquainted;  for  example,  the 
vinous,  the  acetous,  the  paniary  ;  and 
that  there  are  probably  others  which 
are  at  present  unknown,  of  which  what 
may  be  termed  the  chylous  may  be 
one.  It  must  be  admitted,  however, 
that  while  there  is  much  probability  in 
this  supposition,  and  while  the  evidence 
can  scarcely  be  resisted  that  digestion 
is  performed  by  a  chemical  action  of 
some  kind,  yet  that  we  are  at  present 
wholly  ignorant  of  the  particular  nature 
of  that  action. 

From  the  difficulty  of  accounting  in  a 
satisfactory  manner  for  this  process 
either  upon  mechanical  or  chemical 
principles,  some  physiologists  have 
ascribed  it  to  the  agency  of  what  they 
have  termed  the  vital  principle.  The 
internal  surface  of  the  stomach,  they  say, 
is  endowed  with  a  specific  property 
which  belongs  to  it  as  a  living  sub¬ 
stance,  and  which  enables  it  to  digest 
the  food.  When  the  meaning  of  this 
language  is  strictly  analyzed,  it  will  be 
found  to  amount  to  no  more  than  that 
the  process  of  digestion  is  peculiar  to 
the  condition  of  life,  and  that  it  is  never 
observed  to  take  place  in  any  other 
state.  But  this,  like  the  ancient  doc¬ 
trine  of  concoction,  is  merely  the  adop¬ 
tion  of  a  peculiar  mode  of  expressing  the 
fact,  and  not  a  reference  of  the  fact  to 
an  efficient  cause. 

Lately  many  observations  and  expe¬ 
riments  have  been  adduced  to  show  that 
digestion  is  essentially  a  nervous  func¬ 
tion,  depending  upon  the  direct  agency 
of  the  nervous  system.  Thus  it  is  as¬ 
certained  by  direct  experiment  that  this 
process  is  suspended  by  dividing  the 
eighth  pair  of  nerves.  Dr.  Philip  states 
that  if  an  animal  be  allowed  to  live  a 
considerable  time  after  a  part  of  this 
nerve  is  removed,  the  food  remains  un¬ 
changed  in  the  stomach,  and  is  nearly  in 
the  same  state  in  all  parts  of  the  organ ; 
that  this  effect  is  quite  uniform,  and  that 
in  all  his  experiments  he  has  never  seen 
it  otherwise.  This  fact,  which  has  been 
conceived  to  be  decisive  in  favour  of  the 
nervous  hypothesis,  proves  only  that  the 
influence  of  the  eighth  pair  of  nerves  is 
essential  to  the  secretion  of  the  gastric 


juice,  and  therefore  does  not  bear  upon 
the  subject  of  digestion,  but  merely  upon 
that  of  secretion.  And  Dr.  Holland  has 
endeavoured  to  prove  from  Dr.  Philip's 
own  experiments,  that  the  division  of 
the  eighth  pair  arrests  the  process  of 
digestion,  by  interrupting  the  respiration, 
and  consequently  the  circulation,  and 
that  it  is  thus  through  the  lungs  and  heart 
that  the  secretion  of  the  gastric  juice  is 
prevented.  And  it  is  remarkable,  that 
if  Dr.  Philip's  experiments  be  exami¬ 
ned,  it  will  be  seen  that  the  respiration 
was  simultaneously  affected  with  di¬ 
gestion. 

Having  thus  considered  the  general 
facts  to  which  the  most  eminent  culti¬ 
vators  of  this  science  have  conceived 
that  the  particular  fact  of  digestion  may 
be  referred,  we  shall  conclude  this  sub¬ 
ject  by  saying  a  few  words  relative  to 
the  different  substances,  on  which  the  di¬ 
gestive  organs  are  capable  of  acting,  and 
by  adverting  to  the  true  nature  of  the 
sensations  of  hunger  and  thirst. 

Of  the  Food  of  Plants  and  Animals. 

The  proper  food  of  plants  is  water  and 
air :  both  are  indispensable  to  the  sub¬ 
sistence  of  this  class  of  organized  beings. 
Some  plants  indeed  appear  to  subsist 
on  air,  and  others  on  water  only  :  but  the 
iieriel  epidendrum,  without  doubt,  de¬ 
rives  its  moisture  from  the  water  sus¬ 
pended  in  the  atmosphere.  The  quantity 
of  air  naturally  mixed  with  water  is 
found  to  afford  an  adequate  supply  of 
this  fluid  to  some  aquatic  plants,  but  it 
is  proved  by  direct  experiment,  that  if 
totally  excluded  from  air,  plants  uni¬ 
formly  die.  Soils  are  not  the  food  of 
plants  :  soils  may  be  considered  as  the 
fixed  abode  of  plants,  and  as  the  me¬ 
dium  through  which  they  receive  a 
great  portion  of  their  nourishment. 
Soils  are  composed  of  earths,  silica, 
lime,  alumina,  magnesia,  the  oxides  of 
iron  and  manganese ;  they  contain  also 
vegetable  and  animal  substances  in  a 
state  of  decomposition,  together  with 
saline,  acid,  and  alkaline  combinations. 
The  fertility  of  a  soil  depends  essentially 
upon  its  capacity  to  retain  water:  to 
hold  it  much  in  the  condition  in  which 
it  is  retained  in  the  sponge — that  is,  not 
in  a  state  of  aggregation,  but  of  minute 
division ;  so  that  every  part  may  be 
moist,  but  no  part  wet.  Earths,  beside 
affording  the  requisite  degree  of  adhe¬ 
siveness  and  looseness  to  retain  and 
distribute  moisture  in  this  manner,  fix 
the  plant  in  the  ground,  and  supDOvt  it 
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therein.  Whatever  other  useful  pur¬ 
poses  the  admixture  of  mineral  sub¬ 
stances  in  the  soil  may  accomplish  in 
the  economy  of  the  plant,  it  is  probable 
that  they  act  as  stimulants  upon  the 
capillary  rootlets,  and  that  they  may  be 
to  the  plants  what  condiments  are  to 
the  animal. 

Plants  are  interposed  between  the 
inert  soil  and  the  living  being,  between 
inorganic  and  organic  matter ;  and  ap¬ 
pear  to  be  the  great  laboratories  in 
which  are  formed,  out  of  inorganic  ma¬ 
terials,  those  elementary  organic  par¬ 
ticles  by  the  assimilation  of  which  the 
higher  classes  of  living  beings  exist. 
Consisting,  for  the  most  part,  of  organic 
particles,  which  are  capable  of  being 
assimilated  in  the  digestive  organs  of 
animals,  vegetables  in  general  are  ade¬ 
quate  to  the  support  of  animal  life. 
Vast  tribes  of  animals,  however,  subsist 
entirely  on  animal  matter ;  and  there 
are  correlative  tribes,  the  main  purpose 
of  whose  existence  seems  to  be  to  con¬ 
vert  vegetable  into  animal  matter,  in 
order  to  afford  the  materials  of  support 
to  those  endowed  with  higher  organi¬ 
zation.  As  the  vegetable  prepares  or¬ 
ganic  particles  from  inorganic  matter, 
so  these  animals  appear  to  convert  the 
particles  thus  organized  into  animal 
substance,  that  the  process  of  assimi¬ 
lation  in  the  higher  animals  may  be 
shortened.  Large  tribes  of  animals, 
however,  high  in  the  scale  of  organiza¬ 
tion,  live  entirely  upon  vegetable  mat¬ 
ter;  others  subsist  solely  upon  animal 
substance ;  while  others  are  supported 
in  the  most  perfect  health  and  vigour 
by  a  combination  of  both.  We  have 
seen  that  the  digestive  organs  of  animals 
which  live  on  vegetable  matter  differ 
considerably  from  the  digestive  organs 
of  those  which  are  supported  by  animal 
substance.  The  successive  changes  that 
are  necessary  to  the  complete  digestion 
of  vegetable  matter  are  more  numerous; 
and  hence  in  all  herbivorous  animals  the 
alimentary  canal,  as  we  have  seen,  is 
much  larger  and  more  complicated  than 
in  those  which  subsist  on  animal  food. 

We  know  that  in  the  digestive  organs 
of  an  animal,  the  vegetable  is  changed 
into  animal  matter,  and  that  the  vege¬ 
table  has  the  power  of  reconverting 
animal  into  vegetable  substance :  hence 
the  utility  of  manure  in  promoting  the 
process  of  vegetation ;  some  kinds  of 
manure  consisting  almost  entirely  of 
animal  matter  in  a  state  of  decomposi¬ 
tion.  We  have  seen  that  both  vegetable 


and  animal  matter  consists  of  the  same 
ultimate  elements  differently  arranged, 
and  combined  in  different  proportions, 
and  that  every  article  of  food  must 
undergo  a  complete  decomposition  be¬ 
fore  it  is  fitted  for  the  purpose  of  nu¬ 
trition.  We  may  conceive,  then,  that  in 
the  process  of  vegetable  digestion,  the 
ultimate  elements  are  enabled  to  enter 
into  those  peculiar  combinations  which 
constitute  vegetable  matter  ;  and  that 
in  the  process  of  animal  digestion  they 
are  enabled  to  enter  into  those  which 
constitute  animal  matter ;  these  combi¬ 
nations  depend  on  the  attractions  which 
different  species  of  matter  exert :  these 
attractions  differ  according  to  circum¬ 
stances.  In  the  stomach  of  an  animal, 
the  elements  of  alimentary  substances 
being  disengaged,  we  must  suppose  that 
circumstances  are  always  so  arranged 
as  to  secure  by  the  affinities  of  these 
substances  for  each  other,  just  such  a 
recombination  of  them  as  is  necessary 
to  constitute  chyme.  This,  it  is  true, 
amounts  to  nothing  more  than  an  ex¬ 
pression  of  the  fact,  and  affords  no  ex¬ 
planation  of  this  most  curious  and  mys¬ 
terious  process  ;  but  still  this  mode  of 
expressing  it  may  enable  us  to  form  a 
just  conception  of  the  nature  of  the  fact 
itself. 

It  has  been  stated  that  both  vegetable 
and  animal  matter  consists  of  the  same 
ultimate  elements,  namely,  oxygen, 
hydrogen,  carbon  and  azote ;  and  that,  of 
these,  vegetables  in  general  contain  three 
only,  being  for  the  most  part  destitute 
of  azote  or  nitrogen,  or  containing  it 
only  in  small  quantity.  They  have  also 
less  hydrogen ;  while  on  the  other  hand 
they  contain  a  much  larger  proportion 
of  carbon. 

It  has  been  further  stated  that  the 
ultimate  elements  of  vegetable  and 
animal  substances  combine  together  in 
different  proportions,  and  thus  form  dif¬ 
ferent  products ;  and  that  from  the  most 
simple  of  such  combinations,  certain  sub¬ 
stances  result,  which,  on  account  of  the 
simplicity  of  their  composition,  are  called 
Primary  Compounds,  or  Proximate 
Principles.  The  most  important  pri¬ 
mary  compounds  or  proximate  princi¬ 
ples  of  vegetable  origin  are,  gluten, 
farina,  mucilage,  oil,  and  sugar.  These 
substances  possess  very  different  nutri¬ 
tive  properties.  Gluten  is  by  far  the 
most  nutritious  of  them  all ;  its  elements 
most  nearly  resemble  those  of  animal 
matter :  it  contains  nitrogen  in  consider¬ 
able  quantity — the  element  which  has 
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been  stated  to  be  absent  from  almost  all 
the  vegetable  products.  Of  all  vegetable 
substances,  gluten  is  found  in  the 
greatest  proportion  in  wheat. 

Next  to  gluten,  in  the  property  of 
affording  nourishment,  is  farina.  This, 
likewise,  is  found  most  copiously  in 
wheat.  It  also  forms  a  considerable 
portion  of  the  nutritive  parts  of  various 
kinds  of  pulse  and  of  tubers. 

Leaves,  stalks,  seed-vessels,  and  the 
green  parts  cf  plants,  afford  the  principal 
nourishment  to  many  species  of  animals. 
The  nutritive  principle  contained  in 
these  articles  of  food  resides  chiefly  in 
mucilage,  though  to  this  is  commonly 
united  a  portion  of  saccharine  matter 
which  contributes  materially  to  its  nu¬ 
tritive  power.  Most  fruits  contain  a 
basis  of  mucilage,  or  farina,  which  is 
combined  either  with  sugar  or  with  oil. 
Sugar  is  among  the  most  highly  nutri¬ 
tive  of  all  the  vegetable  products,  and 
oil  seems  capable  of  being  converted 
almost  wholly  into  nutrient  matter. 

The  most  important  of  the  proxi¬ 
mate  principles  of  animal  origin  which 
are  employed  as  articles  of  diet,  are 
fibrin,  albumen,  jelly,  oil,  osmazome,  or 
the  extractive  matter  of  the  muscular 
fibre  which  seems  to  give  the  specific 
flavour  to  the  flesh  of  different  animals : 
it  is  probable  that  it  consists  only  of 
fibrin  slightly  altered  by  heat.  There 
are  some  others,  but  they  are  of  little 
consequence. 

Articles  of  diet  may  be  contemplated 
in  two  points  of  view,  as  nutritive,  and 
as  digestible.  They  are  nutritive  in 
proportion  to  their  capacity  of  affording 
the  elements  of  chyme :  they  are  diges¬ 
tible  in  proportion  to  the  facility  with 
which  they  undergo  the  necessary 
changes  in  the  stomach.  There  is  an 
essential  difference  between  these  two 
properties,  nor  do  they  by  any  means 
bear  an  exact  proportion  to  each  other. 
Many  substances  which  contain  the  ele¬ 
ments  of  chyme  in  the  greatest  abun¬ 
dance  are  digested  with  difficulty  ;  and 
it  is  remarkable  that  this  difficulty  is 
sometimes  exceedingly  lessened  by  mix¬ 
ing  with  them  other  substances  that  are 
less  nutritive. 

Animals,  when  in  a  natural  state, 
adhere  with  remarkable  uniformity  to 
the  same  kind  of  food.  There  are  many 
carnivorous  animals  which  feed  only  on  a 
certain  kind  of  flesh  ;  some  upon  the  flesh 
of  quadrupeds ;  others,  again  upon  that 
of  birds,  and  others  upon  that  of  insects. 
Among  herbivorous  animals,  some  sub¬ 
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sist  only  on  certain  plants ,  others  only 
on  certain  parts  of  particular  plants, 
as  the  seed,  the  fruit,  the  leaves,  and 
so  on,  while  entire  tribes  of  insects 
appear  to  be  exclusively  attached  to 
some  one  species  of  vegetable  matter. 
There  is  generally  a  manifest  connection 
between  the  substances  on  which  these 
animals  feed,  and  the  structure  of  the 
teeth,  indicating  that  the  selection  is  not 
the  effect  of  accident,  but  depends  upon 
the  original  conformation  of  the  body. 
We  have  seen  that  the  teeth  of  different 
animals  are  adapted,  some  for  seizing 
and  biting ;  others  for  tearing  and  lace¬ 
rating;  others  for  cropping  the  more 
succulent  and  delicate  parts  of  plants, 
and  others  for  masticating  those  that 
are  firm  and  dense  in  their  texture.  The 
beaks  of  birds  are  infinitely  diversified 
in  their  form  and  structure,  some  are 
long  and  pointed,  others  are  broad  and 
flat ;  others  are  hooked  or  curved.  On 
carefully  examining  these  diversities  in 
tneir  structure,  it  is  found  that  each  is 
adapted  for  receiving  only  certain  kinds 
of  food.  And  in  all  cases,  the  nature  of 
the  stomach,  whether  membranous, 
muscular,  or  ruminant ;  whether  simple, 
consisting  of  one  cavity  only,  or  com¬ 
pound,  divided  into  several  distinct 
chambers,  precisely  corresponds  to  that 
of  the  teeth,  and  to  the  other  organs 
and  habits  of  the  individual. 

From  whichever  of  these  two  great 
sources  of  nourishment  the  food  of  ani¬ 
mals  is  derived  in  their  natural  state, 
nature  has  allowed  to  most  of  them  a 
wide  range  in  the  power  of  abstracting 
it.  Even  those  which  most  obviously 
and  decidedly  prefer  one  particular 
species  of  food,  may  gradually  be 
brought  to  subsist  well  on  the  opposite ; 
and  man  whose  digestive  organs  evi¬ 
dently  place  him  between  those  of  car¬ 
nivorous  and  herbivorous  animals,  has 
more  power  than  any  other  of  accommo¬ 
dating  himself  to  widely  different  kinds 
of  nourishment.  Many  observations 
and  experiments  show,  that  in  him,  at 
least,  a  mixture  of  various  diet  is  not 
only  consistent  with  health  and  vigour, 
but  is  highly  conducive  to  both. 

This  point  is  abundantly  illustrated 
by  Dr.  Stark  of  Vienna,  who  ultimately 
fell  a  victim  to  the  zeal  with  which  he 
prosecuted  his  researches,  and  who 
made  himself  the  subject  of  a  highly 
curious  series  of  experiments  upon  the 
relative  effect  of  various  simple  sub¬ 
stances  when  used  exclusively  as  articles 
of  food  for  a  long  space  of  time.  The 
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result  showed  that  the  body  is  invariably 
brought  into  a  state  of  extreme  debility 
by  such  a  course  of  diet,  and  that  there 
is  not  a  single  article  of  food,  not  even 
the  most  nutritious,  that  is  capable  of 
sustaining  the  vigour  of  the  body,  or 
even  of  maintaining  life  itself  for  any 
considerable  period.  By  selecting  one 
after  another,  single  and  simple  articles 
of  food,  and  by  confining  himself  exclu¬ 
sively  to  one,  this  experimentalist  so 
irretrievably  ruined  his  health,  as  to 
bring  on  premature  death. 

M.  Magendie  has  recently  resumed 
these  researches,  and  afforded  additional 
evidence  of  the  justness  of  the  conclu¬ 
sion  suggested  by  the  experiments  of 
Dr.  Stark. 

A  dog,  fed  exclusively  upon  white 
sugar  and  water,  appeared,  for  seven  or 
eight  days,  to  thrive  well  upon  these 
substances  :  he  was  lively,  and  ate  and 
drink  with  avidity :  towards  the  second 
week,  however,  he  began  to  lose  his 
flesh,  though  his  appetite  continued 
good.  In  the  third  week  he  lost  his  live¬ 
liness  and  appetite.  An  ulcer  formed 
in  the  middle  of  each  cornea,  which  per¬ 
forated  it,  and  the  humor  of  the  eye 
escaped :  the  animal  became  more  and 
more  feeble,  and  died  on  the  thirty- 
second  day  of  the  experiment.  Results 
nearly  similar  ensued  with  dogs  fed  upon 
olive  oil  and  distilled  water;  but  no 
ulceration  of  the  cornea  took  place,  and 
analogous  effects  were  observed  in  dogs 
fed  upon  gum  and  upon  butter. 

A  dog,  fed  with  white  bread,  made 
from  pure  wheat  with  water,  died  at  the 
expiration  of  fifty  days.  Another,  fed 
exclusively  on  military  biscuits,  suffered 
no  alteration  in  its  health. 

Rabbits  and  guinea-pigs  fed  upon 
one  substance  only,  as  corn,  hay,  barley, 
cabbage,  carrots,  and  so  on,  die,  with  all 
the  marks  of  inanition,  generally  in  the 
first  fortnight,  and  sometimes  sooner. 

An  ass,  fed  upon  boiled  rice,  died  in 
fifteen  days,  having  latterly  refused  its 
nourishment. 

Dogs,  fed  exclusively  with  cheese  or 
with  hard  eggs,  are  found  to  live  a  con¬ 
siderable  period ;  but  become  feeble, 
meagre,  and  lose  their  hair. 

When  a  certain  degree  of  emaciation 
has  been  produced  by  feeding  an  animal 
for  some  time  upon  one  substance,  as, 
for  instance,  upon  white  bread  during 
forty  days,  the  animal  will  eat.  with 
avidity  different  kinds  of  food  offered  to 
it  at  that  period,  but  it  does  not  regain  its 
strength;  it  continues  to  waste,  and  dies 


about  the  same  time  at  which  its  death 
would  have  happened,  had  the  exclu¬ 
sive  diet  been  continued  ;  the  digestive 
organs  are  irreparably  injured,  and  the 
due  stimulus  though  applied  to  them  can¬ 
not  now  restore  them. 

M.  Magendie  adduces  the  preceding 
experiments  to  prove  that  a  proportion 
of  nitrogen  is  necessary  for  the  support 
of  animals.  He  conceives  that  the  reason 
why  the  animals  on  which  his  experi¬ 
ments  were  performed,  could  not  live  for 
any  length  of  time  upon  pure  sugar,  is 
because  these  substances  are  destitute 
of  nitrogen.  Dr.  Bostock  justly  ob¬ 
serves,  that  these  experiments  prove  no 
more  than  that  the  stomach  is  not  capa¬ 
ble  of  digesting  these  substances  without 
some  addition.  Dr.  Stark’s  experiments 
furnish  us  with  many  examples  of  the 
indigestible  nature  of  a  diet  composed 
of  a  single  article,  which  was  easily 
digested  when  mixed  with  other  sub¬ 
stances.  In  order  to  render  M.  Magen- 
die's  experiments  decisive  of  the  point 
for  which  he  adduces  them,  it  would  be 
necessary  to  employ  a  diet,  which  should 
be  composed  of  a  mixture  of  substances 
—  all  of  them  without  nitrogen  —  as 
farina,  mucilage,  or  gum,  mixed  with 
sugar  or  oil. 

These  experiments  abundantly  prove 
the  necessity  of  varying  the  articles  of 
food.  This  necessity  probably  arises 
from  the  following  cause,  which  the 
reader  will  understand  better  hereafter. 
The  stomach,  like  other  organs,  can  be 
excited  to  the  due  performance  of  its 
functions  only  by  supplying  it  with  an 
appropriate  stimulus.  By  a  long  and 
uninterrupted  continuance  of  one  and 
the  same  alimentary  substance,  that 
substance  probably  loses  its  stimula¬ 
ting  power,  and  thus,  though  it  abound 
with  nutritive  properties,  the  stomach  is 
incapable  of  acting  upon  it. 

Sir  Astley  Cooper  has  made  various 
experiments  upon  the  digestibility  of 
several  substances  which  are  commonly 
employed  as  articles  of  diet.  He  gave, 
for  example,  to  dogs  a  determinate 
quantity  of  pork,  mutton,  veal,  and 
beef,  preserving  a  register  of  the  figure 
of  the  pieces  swallowed,  and  of  the 
order  of  their  introduction  into  the  sto¬ 
mach.  Opening  the  animals  at  the  end 
of  a  certain  period,  and  collecting  with 
care  what  remained  in  the  stomach,  he 
ascertained  that  pork  was  the  substance 
most  rapidly  digested ;  then  followed 
mutton,  then  veal,  and  lastly,  beef, 
which  seemed  to  him  the  least  digestible 
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of  all.  In  some  cases  the  pork  and 
mutton  had  entirely  disappeared,  when 
the  beef  still  remained  untouched. 

By  other  experiments  he  found  that 
fish  and  cheese  are  also  very  digestible 
substances.  Potatoe  is  somewhat  less 
so ;  the  skin  which  covers  it  passes  into 
the  duodenum  without  change. 

He  tried  some  experiments  with  the 
same  substances  prepared  in  different 
ways.  He  found  that  boiled  veal  is  two- 
thirds  more  digestible  than  the  same 
substance  roasted.  Divers  other  sub¬ 
stances  were  likewise  submitted  to  simi¬ 
lar  experiments.  Thus  he  found  that 
muscular  flesh  was  sooner  digested  than 
skin  ;  skin  a  little  sooner  than  cartilage; 
cartilage  sooner  than  tendon,  and  tendon 
than  bone. 

Some  of  the  results  of  these  experi¬ 
ments,  but  not  all  of  them,  accord  with 
commonly  received  dietetic  principles, 
and  with  the  experience  of  dyspeptic 
persons.  The  human  stomach,  when 
weak  and  deranged,  is  usually  observed 
to  digest  the  lean  part  of  pork  and 
boiled  mutton,  more  readily  and  with 
less  inconvenience  than  any  other  ani¬ 
mal  substances. 

There  are  several  substances  which, 
though  they  contain  in  themselves  no 
nutritive  property,  yet  exert  a  consi¬ 
derable  influence  in  promoting  diges¬ 
tion  :  these  are  commonly  termed  condi¬ 
ments.  Condiments  consist,  for  the  most 
part,  either  of  salts  or  spices  ;  they  pro¬ 
bably  act  on  the  principle  already  stated, 
affording  a  stimulus  to  the  stomach  by 
which  it  is  excited  to  a  more  energetic 
performance  of  its  functions.  Possibly, 
also,  they  may  exert  some  corrective 
influence  over  the  various  species  of 
aliment  during  the  process  of  digestion. 
Thus  the  tendency  of  vegetable  sub¬ 
stances  to  the  acetous  fermentation 
may  be  checked  by  aromatics  and  spices, 
and  the  tendency  of  animal  matter  to 
pass  into  a  putrid  state  may  be  pre¬ 
vented  by  salts  and  acids. 

Somewhat  analogous  to  condiments 
in  their  effects  upon  the  stomach,  is  the 
action  of  certain  medicines,  which, 
though  they  afford  no  nutriment,  yet 
serve  to  put  the  stomach  into  a  state 
which  adapts  it  for  the  digestion  of  the 
aliment.  There  is  this  essential  differ¬ 
ence  between  articles  of  diet  and  con¬ 
diments  and  medicines.  No  substance, 
as  has  been  stated,  can  contribute  to 
nutrition,  until  it  is  resolved  into  its 
ultimate  elements :  condiments  and  me¬ 
dicines,  on  the  contrary,  act  in  their 


entire  state,  and  cease  to  produce  their 
appropriate  effects  the  moment  they  are 
decomposed.  The  most  virulent  poi¬ 
sons,  whether  derived  from  the  vege¬ 
table,  the  animal,  or  the  mineral  king¬ 
doms,  become  perfectly  inert  when 
resolved  into  their  elementary  constitu¬ 
ents.  Dr.  Fordyce  observes,  that  certain 
insects  live  entirely  upon  cantharides, 
while  their  fluids  are  perfectly  mild  ;  and 
that  even  the  poison  of  the  rattle-snake 
is  perfectly  innocent  when  taken  into 
the  stomach. 

An  adult  person,  in  sound  health,  tak 
ing  moderate  exercise,  appears  to  require 
two  hearty  meals  in  the  day  :  in  states 
of  disease  a  third  repast  is  necessary ; 
for  the  stomach,  when  weakened,  digests 
food  better  if  it  be  given  in  small  quantity. 
In  these  cases,  the  adoption  of  the  plan 
suggested  by  Mr.  Abernethy  is  found  in 
practice  to  be  attended  with  the  most 
beneficial  effect— that  of  dividing  the 
food  to  be  taken  in  the  day  (suppose 
twelve  ounces)  into  three  equal  portions, 
and  taking  each  meal  with  strict  regu¬ 
larity  after  an  interval  of  six  hours.  It 
is  astonishing  how  rapidly  and  com¬ 
pletely  the  energy  of  the  stomach  some¬ 
times  returns  under  this  treatment,  in 
cases  in  which  its  function  has  been 
merely  deranged,  and  to  how  great  an 
extent  suffering  is  relieved  even  when 
the  total  and  permanent  removal  of  it  is 
hopeless. 

During  infancy  and  childhood,  when 
an  abundant  supply  of  materials  is  re¬ 
quired  to  build  up  the  enlarging  frame, 
the  appetite  is  proportionably  keen; 
the  stomach  appears  to  digest  simple 
food  more  rapidly,  and  craves  more  fre¬ 
quent  meals.  Protracted  exertion,  with 
a  scanty  supply  of  nourishment,  if  not 
continued  for  so  long  a  period  as  to 
destroy  the  tone  of  the  stomach,  pro¬ 
duces  in  adults  a  voracious  digestion  re¬ 
sembling  that  of  childhood.  The  diges¬ 
tive  organs  are  fitted  by  such  abstinence 
for  the  active  service  required  of  them 
in  providing  materials  for  the  restora¬ 
tion  of  the  frame. 

Mr.  Hunter  was  in  the  habit  of 
quoting,  in  illustration  of  this  point,  the 
following  extract  from  Admiral  Byron's 
narrative.  After  describing  the  priva¬ 
tions  which  he  had  suffered  when  ship¬ 
wrecked  on  the  coast  of  South  America, 
the  admiral  incidentally  mentions  their 
subsequent  effect  upon  his  appetite.  “  The 
governor,"  says  he,  ’*  ordered  a  table 
to  be  spread  lor  us  with  cold  ham  and 
fowls  which  only  we  three  sat  down  to, 
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and  in  a  short  time  dispatched  more 
than  ten  men  with  common  appetites 
would  have  done.  It  is  amazing  that 
our  eating  to  that  excess  we  had  done 
from  the  time  we  first  came  among  these 
kind  Indians,  had  not  killed  us,  as  we 
were  never  satisfied,  and  used  to  take  all 
opportunities,  for  some  months  after, 
of  filling  our  pockets  when  we  were 
not  seen,  that  we  might  get  up  two  or 
three  times  in  the  night  to  cram  our¬ 
selves.” 

Nothing  promotes  appetite  more  than 
moderate  exercise  in  fresh  air,  and  no¬ 
thing  is  more  adverse  to  it  than  seden¬ 
tary  occupations  in  close  towns  and 
ill-ventilated  apartments ;  yet  to  such 
situations  great  numbers  of  the  human 
race  are  doomed,  and  the  effects  are  but 
too  visible  in  their  pallid  countenances 
and  their  feeble  frames ;  and  but  too 
acutely  felt  in  the  misery  that  results 
from  the  languid  manner  in  which  all 
the  vital  functions  are  performed.  As 
long  as  society  is  constituted  as  it  is  at 
present,  the  great  majority  of  the  people 
appear  to  possess  no  means  of  escape 
from  these  terrible  evils;  nor  are  the 
distinguished  few,  whose  success  in  the 
great  struggle  of  life  is  commonly  con¬ 
ceived  to  be  the  most  complete  and 
splendid,  exempted  from  them.  They 
may  acquire  wealth,  and  science,  and 
fame,  but  the  acquisition  must  be  ad¬ 
mitted  to  be  dear,  when  the  consequence 
is,  as  it  too  often  is,  the  ruin  of  those 
physical  organs,  without  the  health  and 
vigour  of  which  there  cannot  be  a 
moment’s  ease,  nor  the  slightest  degree 
of  enjoyment. 

Of  Hunger. 

Before  concluding  the  subject  of  diges¬ 
tion,  it  may  be  proper  to  notice  two 
affections  of  the  stomach  which  are 
intimately  connected  with  the  process. 
The  first  of  these  is  hunger.  Hunger 
is  a  peculiar  sensation  which  is  univer¬ 
sally  referred  to  the  stomach :  the  only 
cause  that  produces  it,  is  a  deficiency 
of  food  :  it  is  commonly  classed  among 
the  impressions  which  belong  to  the 
sense  of  touch,  but  it  bears  no  kind  of 
analogy  to  impressions  belonging  to 
this  or  to  any  other  sense:  it  is  altoge¬ 
ther  peculiar  and  specific. 

Conceiving  that  its  physical  cause 
must  be  either  mechanical  or  chemical, 
some  physiologists  belonging  to  the 
mechanical  school  have  ascribed  it  to 
the  friction  of  the  sides  of  the  stomach 
when  it  becomes  empty.  But  from  the 


description  which  has  been  given  of  the 
structure  and  position  of  the  organ,  it 
must  be  obvious  that  it  is  quite  impos¬ 
sible  for  its  different  internal  surfaces 
ever  to  come  into  forcible  contact  with 
each  other.  Besides,  as  has  been  just 
stated,  the  feeling  of  hunger  is  of  a 
specific  nature,  and  is  totally  different 
from  the  mere  sense  of  resistance. 

By  the  chemical  physiologists,  the 
Sensation  of  hunger  is  accounted  for  by 
the  action  of  the  gastric  juice  upon  the 
internal  surface  of  the  stomach,  which 
they  suppose  to  have  a  tendency  to 
corrode  it.  The  solvent  power  of  the 
gastric  juice,  however,  as  we  have  seen, 
is  confined  to  dead  animal  matter ;  and 
there  is  no  reason  whatever  to  suppose 
that  it  possesses  any  corrosive  properties 
similar  to  those  of  a  chemical  acid. 

It  is  probable  that  hunger  is  a  pecu¬ 
liar  perception  depending  on  a  specific 
impression  conveyed  to  the  brain  by 
the  nerves  of  the  stomach,  in  the  same 
manner  as  the  impressions  connected 
with  the  organs  of  sense  depend  upon 
peculiar  impressions  communicated  to 
the  brain  by  their  appropriate  nerves. 
It  is  also  probable  that  the  impression 
is  produced  upon  the  nerves  of  the 
stomach,  through  the  intervention  of 
the  gastric  juice,  in  a  manner  perfectly 
analogous  to  the  action  of  light  upon 
the  retina.  As  light  is  the  appropriate 
stimulus  to  the  nerve  of  the  organ  of 
vision,  so  the  gastric  juice  appears  to 
be  the  appropriate  stimulus  to  the  sentient 
nerves  of  the  stomach. 

The  sensation  of  hunger  is  in  itself 
painful,  and  therefore  may,  at  first  view, 
appear  to  afford  an  exception  to  a  gene¬ 
ral  law  of  the  animal  economy,  namely, 
that  there  is  no  arrangement  for  the 
purpose  of  producing  pain,  but  on  the 
contrary,  that  the  natural  and  due  ex¬ 
ercise  of  all  the  organs  is  productive  of 
pleasure.  It  has  been  much  and  justly 
insisted  on,  that  of  no  contrivance  in 
the  body  can  it  be  truly  said — “  this  is 
to  inflame ;  this  is  to  irritate."  And 
yet  the  action  of  the  gastric  juice  upon 
the  sentient  nerves  of  the  stomach  is 
painful,  often  highly  painful ;  and  it 
may  be  argued  that  the  production  of 
pain  is  the  special  object  aimed  at.  A 
little  consideration,  however,  is  sufficient 
to  show  that  this  case  falls  under  a  very 
general  law  of  sensation,  namely,  that 
pain  arises,  not  when  the  stimulus  which 
produces  it  is  moderate,  but  only  when 
it  is  in  excess.  Light  admitted  to  the 
retina  in  moderate  quantity  is  not  pain- 
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ful  but  grateful :  in  great  intensity,  it  is 
intolerable.  In  like  manner  the  sensa¬ 
tion  of  hunger,  when  moderate,  is  not 
painful  but  grateful:  it  is  only  when, 
from  protracted  fasting,  the  gastric  juice 
accumulates  and  produces  an  excessive 
stimulus,  that  it  becomes  painful.  And 
the  object  of  this  pain,  or  the  use  it 
serves  in  the  economy,  is  too  obvious 
to  require  notice.  It  is  the  monitor  by 
which  we  are  warned  of  the  necessity  of 
supplying  the  system  with  those  mate¬ 
rials  which  are  requisite  to  renovate  and 
maintain  the  integrity  of  the  body.  And 
it  is  a  monitor  whose  voice  it  is  not 
possible  to  disregard,  for  its  importunity 
increases  with  the  increasing  demand 
occasioned  by  the  wants  of  the  system. 
It  belongs  to  the  class  of  affections 
termed  appetites,  and  of  which  it  has 
been  justly  observed,  that  they  are  dis¬ 
tinguished  by  three  remarkable  charac¬ 
ters.  They  are  compounded  both  of  a 
physical  and  a  mental  operation :  they 
are  connected  with  some  evident  useful 
purpose  in  the  economy,  and  they  are 
brought  about  by  the  intervention  of  the 
nervous  system. 

Of  Thirst. 

Thirst  is  a  peculiar  and  uneasy  sensa¬ 
tion,  which  is  commonly  referred  to  the 
tongue  and  fauces,  and  which  is  con¬ 
ceived  to  depend  upon  a  deficiency  of 
the  mucous  secretions  of  those  organs. 
There  are  circumstances  which  seem  to 
show  that  the  seat  of  this  affection  is 
more  extensive.  In  a  remarkable  case 
published  by  Dr.  Gairdner,  of  Edin¬ 
burgh,  it  was  found  impossible  to  allay 
the  thirst,  merely  by  supplying  the 
mouth,  tongue,  and  fauces  with  fluid. 
A  man  had  cut  through  the  oesophagus : 
an  insatiable  thirst  arose :  several  buck- 
ets-full  of  water  were  swallowed  daily, 
and  discharged  through  the  wound,  with¬ 
out  allaying  the  affection :  on  injecting 
water  mixed  with  a  little  spirit  into  the 
stomach,  the  thirst  was  quenched. 

The  sensation  of  thirst,  like  that  of 
hunger,  is  a  peculiar  and  specific  per¬ 
ception  ;  also,  like  it,  depending  on  a 
specific  impression  conveyed  to  the  brain 
by  an  appropriate  set  of  nerves,  and 
moreover  perfectly  analogous  in  the  use 
it  serves  in  the  economy.  The  supply 
of  fluids  is,  if  possible,  still  more  neces¬ 
sary  than  the  supply  of  solids,  to  repair 
the  waste  of  the  system.  Probably,  on 
this  account  the  demand  is  rendered 
more  urgent  by  the  greater  intensity  of 
the  sensation,  and  by  the  acute  pain 


occasioned  by  any  considerable  post¬ 
ponement  in  the  gratification  of  the 
appetite. 

Of  the  Blood. 

We  have  seen  that  when  the  aliment  is 
converted  into  chyme  in  the  stomach, 
and  the  chyme  is  changed  into  chyle  in 
the  duodenum,  the  latter  fluid  is  con¬ 
veyed  along  the  track  of  the  small  in¬ 
testines,  where  it  gradually  disappears. 
It  disappears,  because  it  is  absorbed 
by  the  mouths  of  innumerable  vessels 
termed  lacteals,  hereafter  to  be  described, 
which  convey  it  by  a  route,  which  it  will 
be  more  convenient  to  detail  in  another 
place,  into  the  blood.  Thus,  the  chyle 
is  the  fluid  by  which  the  blood  is  re¬ 
plenished  ;  and  in  man,  living  in  society, 
and  taking  his  meals  according  to  the 
general  usage  of  civilized  life,  it  is  sel¬ 
dom  that  the  formation  of  chyle  is  not 
going  on  in  the  economy,  and  that  the 
vessels  which  transmit  it  from  the  intes¬ 
tines  to  the  blood  are  empty  or  idle. 

It  has  been  stated  that  the  chyle  dif¬ 
fers  but  little  from  the  blood,  excepting 
in  colour,  and  that  it  exhibits  some  of 
the  most  peculiar  and  distinctive  pro¬ 
perties  of  this  fluid.  Other  processes, 
indeed,  which  will  soon  be  described, 
are  still  necessary  to  convert  it  into  pro¬ 
per  blood. 

The  blood  is  the  common  material  of 
which  all  the  tissues  and  all  the  organs 
of  the  body  are  built  up.  It  is  equally 
requisite  to  the  formation  of  the  most 
tender  and  delicate  membrane,  and  to 
the  construction  of  the  hardest  bone: 
it  gives  origin  alike  to  the  mildest  and 
blandest  fluid,  as  the  saliva  and  milk, 
and  to  the  most  active  and  irresistible, 
as  the  gastric  juice.  It.  furnishes  the 
new  particles  by  which  the  capillary 
arteries,  the  masons  and  architects,  of 
the  system,  build  up  their  different  struc¬ 
tures  in  the  different  parts  of  the  body 
according  to  the  wants  of  the  economy. 
It  affords  the  necessary  stimulus  to  the 
great  systems,  especially  the  nervous 
and  the  sanguiferous,  by  which  they  are 
excited  to  the  due  performance  of  their 
functions — a  stimulus,  the  interruption 
of  the  supply  of  which,  even  for  a  mo¬ 
ment,  causes  them  to  languish,  and  the 
protracted  interruption  of  which  stops 
the  machinery,  and  totally  destroys  it. 

It  is  not  wonderful,  therefore,  that 
life,  even  in  the  estimation  of  those  who 
are  entirely  ignorant  of  anatomy  and 
physiology,  should  be  thought  to  reside 
especially  in  the  blood.  It  is  not  won- 
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aerful  that  this  opinion  should  have  in¬ 
fluenced  the  common  language  of  man¬ 
kind  ;  that  the  term  vital  should,  by 
common  consent,  be  given  to  this  im¬ 
portant  fluid,  and  that,  with  the  word 
blood,  the  idea  of  life  should  be  indisso¬ 
lubly  associated.  For  these  reasons,  as 
well  as  on  account  of  the  most  import¬ 
ant  part  which  the  blood  performs  in 
every  function  of  the  animal  economy, 
and  the  curious  and  interesting  facts 
which  have  been  ascertained  relative  to 
its  composition,  it  is  necessary  that  some 
account  should  be  given  of  its  nature 
and  properties,  although  the  full  detail 
would  occupy  much  more  space  than  can 
be  allotted  to  it  in  the  present  treatise. 

Every  one  is  acquainted  with  the  ap¬ 
pearance  of  the  blood  as  it  flows  from  a 
wounded  blood-vessel:  issuing  from  such 
a  vessel,  it  is  seen  to  be  of  a  red  colour, 
and  of  a  thick  and  tenacious  consist¬ 
ence.  To  a  person  who  merely  sees  the 
stream  as  it  flows,  or  who  examines  a 
mass  of  it  collected  in  a  cup,  immedi¬ 
ately  after  it  is  removed  from  a  vein, 
two  circumstances  appear  pretty  evi¬ 
dent  ;  first,  that  it  is  a  fluid  substance  ; 
and  secondly,  that  it  is  perfectly  homo¬ 
geneous  in  its  nature.  And  yet  it  is  not 
a  fluid ;  or,  at  least,  it  does  not  long  re 
main  a  fluid,  for,  in  a  few  minutes,  a 
large  portion  of  it  is  converted  into  a 
tolerably  firm  solid ;  and,  instead  of 
being  homogeneous  in  its  nature,  it  is 
by  far  the  most  complicated  substance 
in  the  whole  body.  Moreover,  the  mode 
in  which  its  constituent  parts  are  united 
is  peculiar,  and,  in  some  important  par¬ 
ticulars,  resembles  nothing  else  with 
which  we  are  acquainted.  In  describing 
this  highly  curious  and  important  sub¬ 
stance,  we  shall  first  of  all  consider  its 
physical ;  secondly,  its  chemical ;  and 
thirdly,  its  vital  properties.  Although, 
at  first  view,  it  may  not  appear  to  be  a 
natural  arrangement  to  describe  the 
properties  of  a  substance  without  pre¬ 
viously  stating  what  are  its  component 
parts,  yet  the  constitution  of  the  blood 
is  so  peculiar,  that  we  think  even  the 
account  of  the  individual  substances 
which  enter  into  its  composition  will  be 
more  intelligible,  and,  therefore,  more 
interesting,  to  the  general  reader,  by  the 
adoption  of  the  order  we  propose  to 
follow. 

Of  the  Physical  Properties  of  the 
Blood. 

Among  the  physical  properties  of  the 
blood  may  be  enumerated  its  consist¬ 


ence,  its  colour,  its  specific  gravity,  and 
its  temperature. 

Of  the  Consistence  of  the  Blood. 

The  blood,  when  it  first  flows  from  the 
vessels  which  contain  it,  is  a  thick, 
viscid,  and  tenacious  fluid.  All  these 
properties  vary  in  different  species  of 
animals ;  and  in  the  same  amimal  at 
different  periods,  according  to  age,  sex, 
health  and  disease.  Soon  after  it  has 
issued  from  its  vessels,  its  consistence 
changes  exceedingly,  and  it  is  converted, 
as  has  been  stated,  partly  into  a  firm 
solid,  and  partly  into  a  thin  fluid.  The 
means  by  which  this  change  is  prevented, 
as  long  as  it  is  contained  in  its  proper 
vessels,  and  by  which  it  is  accomplished, 
as  soon  as  it  is  removed  from  them, 
belong  to  its  vital  properties,  and  will 
be  explained  hereafter. 

Of  the  Colour  of  the  Blood. 

The  blood  in  all  animals  is  essentially 
the  same,  although  it  differs  very  con¬ 
siderably  in  colour  in  different  classes. 
An  equal  difference  prevails  in  the  co¬ 
lour  of  the  muscular  fibre  in  different 
species  of  animals  ;  yet  all  physiologists 
are  agreed  that  there  is  no  difference  in 
the  nature  of  the  muscular  fibre  from 
the  lowest  animal,  in  which  it  can  be 
traced,  up  to  the  highest.  “Some  ani¬ 
mals,”  says  Mr.  Hunter,  “  have  not  that 
part  of  the  blood  which  gives  it  the  red 
colour,  but  the  other  parts,  as  the  lymph 
and  serum,  as  far  as  I  yet  know,  are 
the  same  in  all." 

The  nutritive  fluid  of  the  lower  ani¬ 
mals,  then,  although  it  be  perfectly  co¬ 
lourless,  must  still  be  considered  as 
proper  blood.  In  the  insect  this  fluid  is 
transparent :  in  the  caterpillar  it  is  of  a 
greenish  colour :  in  the  internal  vessels 
of  the  frog  it  is  of  a  yellowish  tint :  in 
the  higher  classes  of  animals  it  is  of  a 
red  colour ;  but  even  in  these  it  is  red 
only  in  certain  parts  of  the  body :  thus, 
in  fish  it  is  red  in  the  vital  organs,  as 
the  heart,  the  liver,  the  branchiae  or 
gills,  while  the  main  bulk  of  the  body, 
which  consists  of  muscles,  receives  only 
a  colourless  fluid;  and  even  in  man 
there  are  parts  of  the  body,  the  vessels 
of  which  are  too  minute  to  admit 
the  red  particles,  as  in  some  of  the 
tunics  of  the  eye,  in  the  tendons  and 
aponeuroses  of  muscles,  and  in  the 
serous  membranes.  It  is  of  the  deepest 
colour  in  quadrupeds,  although  in  some 
birds  it  is  nearly  as  deep  as  in  any  class. 
It  is  deeper  in  some  species  than  in 
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others :  it  is 'deeper,  for  instance,  in  the 
hare  than  in  the  rabbit.  Even  in  the 
same  species  there  is  considerable  diver¬ 
sity,  and  especially  in  man,  upon  which 
diversity  many  physiologists  think  the 
different  temperaments,  and  in  some 
measure,  also,  the  various  races  of  man¬ 
kind,  depend.  Even  in  the  same  indi¬ 
vidual  it  is  different  at  different  periods, 
according  to  age,  to  disease,  and  even 
to  different  species  of  disease,  so  that, 
on  the  one  hand,  the  pallidness,  and, 
on  the  other,  the  duskiness  of  the  skin, 
and  the  dark  and  livid  colour  of  the 
cheeks,  are  alone  sufficient  to  disclose  to 
the  physician  the  existence  of  some  of 
the  most  formidable  maladies  to  which 
the  human  body  is  subject. 

It  will  be  seen  hereafter  that  the 
higher  animals  possess  what  is  termed 
a  double  circulation  :  that  is,  one  circu¬ 
lation  from  the  heart  to  the  lungs,  and 
from  the  lungs  back  to  the  heart  again  ; 
this  is  called  the  pulmonary  circulation  : 
and  another  circulation  from  the  left 
side  of  the  heart  to  all  the  parts  of  the 
body,  and  from  all  the  parts  of  the  body 
back  to  the  right  side  of  the  heart;  this 
js  termed  the  systemic  circulation. 
Now,  the  colour  of  the  blood  contained 
in  the  two  sets  of  vessels  which  belong  to 
each  of  these  two  systems  of  circulation 
is  extremely  different :  in  the  one  set  it 
is  of  a  dark  or  Modena  red :  in  the  other 
it  is  of  a  light  scarlet  colour.  The  ves¬ 
sels  which  contain  the  dark-coloured 
blood  are  called  veins :  the  vessels 
which  contain  the  scarlet-coloured 
blood  are  termed  arteries.  The  veins 
convey  the  blood  to  the  heart :  the  ar¬ 
teries  carry  out  the  blood  from  the 
heart,  and  distribute  it  to  all  the  parts 
of  the  body :  the  arterial  blood  is  the 
proper  nutritive  fluid :  the  venous  blood 
is  that  which  remains  after  it  has  been 
subjected  to  the  various  processes  of 
nutrition,  and  which  is  carried  back  to 
the  heart,  and  thence  to  the  lungs,  in 
order  to  be  renovated,  that  is,  in  order 
to  be  reconverted  into  arterial  blood. 
The  changes  which  take  place  in  the 
blood,  and  which  occasion  this  striking 
alteration  in  its  colour,  will  be  described 
in  the  proper  place. 

It  has  just  been  stated  that  arterial, 
in  contradistinction  to  venous  blood,  is 
the  proper  nutritive  fluid  ;  and,  indeed, 
it  is  absolutely  essential,  both  to  the  sus¬ 
tenance  of  life,  and  to  the  excitement  of 
the  vital  organs  to  the  due  performance 
of  their  functions.  If  the  circulation  of 
arterial  blood  through  the  brain  be 


stopped;  if  only  venous  blood  be  al¬ 
lowed  to  flow  through  its  vessels,  instant 
insensibility  supervenes,  and  death  fol¬ 
lows  in  a  few  seconds.  It  is  true,  in¬ 
deed,  lhat  venous  blood  is  capable  of 
nourishing  some  organs  sufficiently  to 
prevent  them  from  perishing  :  an  illus¬ 
tration  of  which  is  occasionally  afforded 
by.  the  peculiar  disease  of  arteries, 
termed  aneurism,  which  sometimes  cuts 
off  from  a  limb  the  supply  of  arterial 
blood :  yet,  in  such  cases,  the  member 
does  not  die,  although  it  languishes,  as 
all  organs  do  languish,  and  many  speedily 
mortify  when  they  do  not  receive  a  cer¬ 
tain  quantity  of  arierial  blood. 

Of  the  Specific  Gravity  of  the  Blood . 
The  specific  gravity  of  the  human  blood 
is  estimated  differently  by  different  au¬ 
thors,  probably  because  it  differs  in  dif¬ 
ferent  individuals,  and  in  the  same  indi¬ 
vidual  at  different  periods.  Taking 
water  as  1000,  the  specific  gravity  of  the 
blood  may  be  stated  to  be  about  1050: 
from  this  it  may  increase  to  about  1126. 
Haller  stated  its  possible  increase  as 
high  as  1527,  but  all  modern  inquirers 
are  agreed  in  affirming  that  it  has  never 
been  actually  observed  as  high  as  1126. 
The  specific  gravity  is  considerably  al¬ 
tered  by  disease ;  the  effect  of  disease 
is  almost  invariably  to  make  it  lighter : 
in  one  instance,  on  record,  it  was  found 
as  low  as  1022.  Dr.  Davy  states  that 
arterial  is  lighter  than  venous  blood  :  he 
estimates  arterial  at  1049,  and  venous  at 
1052.  The  more  perfect  the  organiza¬ 
tion  of  the  blood,  or  the  higher  the  degree 
of  vitality  it  possesses,  the  greater  ap¬ 
pears  to  be  its  specific  gravity :  for,  in 
the  higher  order  of  animals,  and  in  man, 
it  is  heavier  than  in  the  lower,  and  the 
effect  of  disease,  as  has  just  been  stated, 
is,  to  lessen  its  weight. 

Of  the  Temperature  of  the  Blood. 

The  temperature  of  the  blood  differs 
considerably ,in  different  classes  of  ani¬ 
mals.  In  cold-blooded  animals  and 
some  quadrupeds  the  temperature  is 
considerably  higher  than  in  man.  In 
the  sheep  it  is  102°  or  103°,  but  of 
all  animals  it  is  highest  in  birds;  in 
the  duck  it  is  ,107°;  and  in  man  it  is 
about  98°.  It  is  said  to  be  warm  in 
proportion  as  it  is  near  the  heart.  It  is 
the  general  opinion  that  the  blood  of  the 
artery  is  warmer  by  one  degree  than  that 
of  the  vein.  Disease  is  capable  of 
affecting  its  temperature  very  consider¬ 
ably.  In  the  cold  fit  of  ague  it  has  been 
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observed  as  low  as  94°;  and  in  some 
ardent  fevers  it  has  risen  as  high  as  102°, 
or  even,  as  some  affirm,  still  higher. 
From  some  experiments  of  Hunter,  he 
concludes  that  a  moderate  degree  of 
inflammation  is  capable  of  raising  it  4°, 
and  an  intense  inflammation  7°  above 
the  natural  standard.  The  power  of 
all  animals  to  maintain,  with  little  varia¬ 
tion,  the  temperature  at  which  the  func¬ 
tions  of  their  economy  are  performed  in 
the  best  manner,  whatever  be  the  tem¬ 
perature  of  the  medium  by  which  they 
are  surrounded,  has  already  been  largely 
stated.  But  man,  although,  as  has  been 
shown,  his  natural  temperature  is  much 
less  than  that  of  some  other  animals, 
has  by  far  the  greatest  power  of  main¬ 
taining  steadily  his  own  temperature 
under  intense  degrees  of  cold,  and  still 
more  intense  degrees  of  heat. 

Of  the  Chemical  Properties  of  the 
Blood. 

It  has  been  stated  that  the  blood  is  an 
exceedingly  compound  substance,  con¬ 
sisting  of  many  different  ingredients 
which  are  held  in  union  in  a  manner,  in 
some  respects  peculiar ;  and  that,  when 
it  first  flows  from  the  vessel,  and  for 
some  time  afterwards,  it  is  fluid.  At  a 
certain  period  this  fluid  separates  into 
two  distinct  parts — into  a  solid  mass, 
and  into  a  yellowish  fluid  in  which  -the 
solid  mass  swims.  The  solid  portion 
is  termed  the  clot,  or  the  crassamentum: 
the  fluid  portion  is  called  the  serum,  and 
the  process  by  which  the  separation 
takes  place  is  denominated  coagulation. 

The  period  at  which  coagulation  takes 
place  varies  according  to  a  great  variety 
of  circumstances,  which  are  chiefly  in¬ 
teresting  to  the  physician,  and  into  the 
detail  of  which  it  is  not  necessary  to 
enter  at  present.  It  is  sufficient  to  ob¬ 
serve,  that  the  process  commences  in 
about  three  minutes  and  a  half  after  the 
blood  leaves  the  vessel,  and  is  completed 
in  from  twelve  to  fifteen  or  twenty  mi¬ 
nutes.  It  is  commonly  stated  that,  upon 
an  average,  venous  blood,  in  a  state  of 
health,  is  coagulated  in  seven  minutes. 

When  first  drawn  from  its  vessel  it 
possesses  a  temperature  evidently  greater 
than  that  of  the  atmosphere.  As  long 
as  it  retains  its  heat,  an  aqueous  vapour 
arises  from  it,  which  is  called  its  halitus, 
and  which  possesses  a  foetid  odour,  which 
is  much  stronger  in  carnivorous  than  in 
granivoious  animals.  In  the  process 
of  coagulation  the  blood  is  changed  from 
a  fluid  into  a  solid,  and,  as  in  other  pro¬ 


cesses  in  which  a  similar  conversion 
takes  place,  there  is  an  absolute  extri¬ 
cation  of  caloric :  for  if,  during  the  for¬ 
mation  of  the  clot,  a  thermometer  be 
moved  first  into  the  coagulated  and 
afterwards  into  the  fluid  part,  it  will 
indicate  a  difference  in  the  temperature 
of  6°  ;  and  if  the  system  be  suffering 
under  a  stale  of  inflammation,  of  12°. 
The  relative  proportions  of  the  two 
constituent  parts  of  the  blood,  the 
crassamentum  and  the  serum,  is  vari¬ 
ously  estimated.  It  is  difficult  to  ob¬ 
tain  an  accurate  result,  because  the 
separation  is  incomplete,  a  portion  of 
the  serum  always  remaining  attached 
to  the  crassamentum,  while  the  propor¬ 
tion  itself  varies  considerably  in  different 
individuals,  and  in  the  same  individual 
at  different  times ;  but,  as  a  general 
average,  it  may  be  stated  that  the  crassa¬ 
mentum  amounts  to  about  one-third  of 
the  weight  of  the  serum. 

The  crassamentum,  after  a  certain 
time,  further  separates  into  two  different 
parts,  into  a  solid  substance  of  a  yel¬ 
lowish  white  colour,  and  into  a  red  mass, 
to  which  the  colour  of  the  blood  is  owing. 
When  the  first  substance  is  examined, 
it  is  found  to  be  a  solid  of  a  consider¬ 
able  consistence,  soft,  yet  firm,  elastic, 
tenacious,  so  disposed  to  assume  a 
fibrous  arrangement  as  occasionally  to 
form  a  net-work  of  fibres,  and  bearing 
in  its  general  aspect,  as  well  as  in  its 
chemical  relations,  a  striking  resem¬ 
blance  to  pure  muscular  fibre,  that  is, 
to  muscular  fibre  deprived  of  its  enve¬ 
loping  membrane  and  of  its  colouring 
matter.  This  substance  is  designated 
by  several  names, — gluten,  coagulable 
lymph,  fibre  of  the  blood,  fibrin:  the 
last  is  its  most  appropriate  and,  now, 
most  common  name.  The  second  con¬ 
stituent  of  the  crassamentum,  the  red 
matter  which  separates  from  the  fibrin, 
consists  of  innumerable  minute  bodies 
of  a  rounded  or  globular  figure,  and 
which  are  termed  the  red  particles  or 
globules. 

The  specific  gravity  of  the  fibrin  is 
greater  than  that  of  the  serum,  in  con¬ 
sequence  of  which  the  former  floats  in 
the  latter ;  yet  the  surface  of  both  sub¬ 
stances  is  always  found  nearly  on  a 
level,  so  that  their  specific  gravity  can¬ 
not  greatly  differ.  On  the  contrary,  the 
red  particles  are  heavier  than  the  fibrin, 
whence  they  subside  during  coagulation 
to  its  lower  surface,  forming  the  bottom 
of  the  clot. 

The  fibrin  is  by  far  the  most  impor 
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tant  part  of  the  blood :  it  is  found  in 
animals  in  which  the  red  particles  are 
absent:  coagulation  depends  upon  it: 
it  forms  the  solid  structures  of  the  body : 
it  constitutes  the  basis  of  muscle,  and  in 
the  lower  animals,  which  are  destitute 
of  the  red  particles,  it  probably  performs 
the  function  of  muscle. 

Of  the  red  particles,  whatever  be  their 
nature  and  structure,  it  may  safely  be 
said  that  they  are  the  least  important 
part  of  the  blood,  although  they  have 
obtained  the  greatest  share  of  attention, 
and  have  been  the  subject  of  innumer¬ 
able  observations  and  experiments.  In 
many  animals  they  are  entirely  wanting, 
and  in  all  they  are  absent  in  some  parts 
of  the  body. 

When  the  smallest  drop  of  blood  is 
examined,  the  number  of  these  particles 
contained  in  it  appears  to  be  countless : 
their  magnitude  is  so  minute  that  they 
can  be  distinguished  only  by  the  mi¬ 
croscope.  Their  figure  and  bulk  are 
different  in  different  species  of  animals  : 
in  the  reptile,  the  fish,  and  the  bird 
their  form  is  elliptical:  in  all  the  mam¬ 
malia  and  in  man  they  are  circular. 
In  the  human  blood  the  best  observ¬ 
ers  are  agreed  in  representing  them 
as  circular,  flattened,  transparent  bo¬ 
dies,  with  a  dark  spot  in  the  centre, 
which  is  owing  not  to  a  perforation, 
but  to  a  depression.  They  consist 
of  an  external  envelop  and  of  a  cen¬ 
tral  nucleus :  the  external  envelop  is 
red,  and  gives  the  red  colour  to  the 
blood.  The  internal  nucleus  is  colour¬ 
less  ;  the  nucleus  is  independent  of  its 
envelop,  for  when  the  latter  is  destroyed 
the  nucleus  retains  its  original  form. 
The  nucleus  is  much  smaller  than  the 
envelop,  being,  according  to  Dr.  Young, 
only  about  one-third  the  length,  and 
one-half  the  breadth  of  the  entire  parti¬ 
cle.  MM.  Prevost  and  Dumas,  who 
have  investigated  this  subject  with  ex¬ 
treme  care,  and  have  arrived  at  several 
highly  curious  and  important  results, 
state  that,  in  their  view,  the  blood  con¬ 
sists  essentially  of  serum,  in  which  are 
suspended  a  quantity  of  red  particles  : 
that  each  of  these  particles  consists  of  an 
external  red  vesicle,  which  incloses  in 
its  centre  a  colourless  globule  :  that 
during  the  progress  of  coagulation  the 
external  vesicle  bursts  and  allows  the 
central  globule  to  escape  ;  that,  on 
losing  their  external  covering  the  central 
globules  are  attracted  together;  that 
they  are  disposed  to  arrange  themselves 
in  lines  and  fibres ;  that  these  fibres 


form  a  net- work,  in  the  meshes  of  which 
they  mechanically  entangle  a  quantity 
both  of  the  serum  and  of  the  colouring 
matter ;  that  these  latter  substances  may 
be  removed  by  draining  and  by  ablution 
in  water;  that  when  this  is  accom¬ 
plished  there  remains  only  pure  fibrin : 
that,  consequently,  fibrin  consists  of  an 
aggregation  of  the  central  globules  of 
the  red  particles,  while  the  general  mass 
that  constitutes  the  crassamentum,  or 
clot,  is  composed  of  the  entire  particle. 
It  is  further  stated  by  these  distinguished 
physiologists  that  the  colouring  matter 
of  the  external  envelop  consists  of  a 
union  of  a  peculiar  animal  substance 
of  a  gelatinous  nature  with  the  peroxide 
of  iron. 

Of  all  animals,  the  red  particles  are 
largest  in  the  skate.  In  fish  in  general 
they  are  larger  than  in  any  other  class. 
After  fish,  their  magnitude  is  greatest 
in  reptiles.  In  birds  they  are  much 
smaller ;  and  in  man  they  are  smaller 
than  in  any  other  animal.  The  estima¬ 
tion  of  their  diameter  in  the  human 
blood  by  different  observers  varies 
greatly.  According  to 
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The  blood  of  different  animals  differs 
exceedingly  in  the  relative  quantity  of 
the  red  particles  it  contains:  the  number 
appears  to  bear  an  exact  ratio  with  the 
temperature  of  the  animal :  the  higher 
the  natural  temperature  the  greater  the 
proportion  of  particles :  arterial  contains 
a  much  greater  proportion  of  them  than 
venous  blood. 

We  have  seen  that  innumerable  par 
tides  are  found  in  the  chyle,  and  that 
the  chylous  particles  are  colourless.  It 
is  stated  that  the  magnitude  of  these 
chylous  particles  is  precisely  the  same 
as  that  of  the  central  globule  of  the  red 
particle  of  the  blood.  It  is  supposed 
that  the  chylous,  colourless  particles  ob¬ 
tain  their  colour,  and  consequently  their 
external  envelop  upon  which  it  depends, 
in  the  lungs:  it  is,  therefore,  in  this 
organ,  that  the  process  of  digestion  is 
completed,  the  chyliferous  being  here 
completely  converted  into  sanguihiferous 
particles. 


Of  the  Serum  of  the  Blood. 

When  the  fibrin  separates  from  the 
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crassamentum  or  clot,  it  floats  in  a  fluid 
which  is  termed  the  serum.  Serum  is  a 
transparent  homogeneous  fluid  of  a  light 
straw  colour  tinged  with  green,  of  saline 
taste  and  adhesive  consistence.  Its 
most  remarkable  and  characteristic  pro¬ 
perty  is  that  of  coagulation  by  heat  and 
by  certain  chemical  agents.  At  a  tem¬ 
perature  of  160°  it  is  converted  into  a 
white  and  opaque  substance,  of  tolerably 
firm  consistence.  In  this  state  it  exactly 
resembles  white  of  egg  when  hardened 
by  boiling,  and  is  found  to  be  of  the  same 
nature,  whence  it  is  termed  albumen. 

The  proportion  of  serum  to  the  crassa- 
mentum  differs  exceedingly  in  different 
soecies  of  animals,  and  in  the  same  ani¬ 
mals  at  different  times,  according  to  the 
state  of  the  system.  It  appears  to  have 
a  close  relation  to  the  strength  and  fero¬ 
city,  or  the  weakness  and  gentleness  of 
the  animal,  being,  for  example,  much 
smaller  in  quantity  in  all  the  carnivora 
than  in  the  sheep,  the  hare,  and  other 
timid  animals.  It  is  much  increased  in 
certain  diseases :  it  is  the  fluid  which  is 
poured  out  into  the  different  cavities  in 
dropsy,  while  in  some  inflammatory  dis¬ 
eases  its  quantity  is  considerably  dimi¬ 
nished. 

With  regard  to  its  chemical  properties, 
it  contains  a  quantity  of  uncombined 
alkali,  for  it  converts  the  vegetable  co¬ 
lours  to  green.  It  holds  in  solution  va¬ 
rious  earthy  and  neutral  salts,  which 
exist  in  it  with  remarkable  constancy, 
and  nearly  in  the  same  proportion  un¬ 
der  all  circumstances.  On  analysis,  it 
is  found  that  1000  grains  of  serum  yield 
rather  more  than  nine  grains  of  saline 
matter :  of  these,  about  six  and  a  half 
consist  of  muriate  of  soda,  combined 
with  a  small  quantity  of  muriate  of  pot¬ 
ash,  about  one  and  a  half  of  subcarbo¬ 
nate  of  soda,  with  a  minute  quantity  of 
sulphate  of  potash,  together  with  the 
phosphates  of  lime,  iron,  and  magnesia. 
Sulphur  is  also  present  in  it, as  is  proved 
by  its  tarnishing  silver  and  blackening 
the  acetate  of  lead.  It  is  supposed  that 
the  saline  matter  contained  in  the  serum 
of  the  blood  stimulates  the  nerves  of  the 
heart,  and  thus  contributes  to  the  con¬ 
traction  of  its  muscular  fibres  ;  that  it 
aids  in  the  operations  of  the  secreting 
organs;  that  it  contributes  to  the  pro¬ 
cess  of  digestion,  and  that  it  affords  the 
materials  of  which  the  earthy  portion  of 
the  bones  is  formed. 

Of  the  Serosity  of  the  Blood. 

If,  when,  by  the  application  of  heat  or 


of  some  chemical  agent,  the  whole  of 
the  serum  is  coagulated  into  a  solid 
mass,  this  mass  be  cut  into  small  pieces 
and  placed  in  the  mouth  of  a  funnel,  a 
fluid  drains  from  it  which  is  called  the 
serosity  of  the  blood,  or,  if  the  mass  be 
subjected  to  pressure,  the  same  fluid 
may  be  obtained  from  it.  The  serosity, 
then,  is  the  watery  fluid  obtained  from 
the  serum  after  its  coagulation,  and  it 
is  this  fluid  which  is  observed  to  issue 
from  meat  at  table  when  cut  into,  as 
mutton  and  beef,  and  which  is  then 
called  gravy. 

Such  are  the  individual  substances 
which  enter  into  the  composition  of  the 
blood.  All  these  substances,  like  those 
which  constitute  animal  matter  in  gene¬ 
ral,  are  resolvable  into  the  ultimate  ele¬ 
ments  of  carbon,  oxygen,  hydrogen,  and 
azote.  Tables  are  given  in  the  works 
which  treat  of  animal  chemistry,  showing 
the  respective  proportions  in  which  these 
elements  combine  to  form  albumen, 
fibrin,  jelly,  and  so  on ;  but  these  need 
not  be  quoted  here. 

Thus  it  appears,  from  the  preceding 
account,  that  the  different  appreciable 
and  known  constituents  of  the  blood  are 
the  halitus ;  the  crassamentum,  which 
consists  of  fibrin  and  of  red  particles ; 
the  serum,  which  is  composed  of  albu¬ 
men,  and  of  a  watery  fluid  termed  the 
serosity;  and  of  various  earthy  and 
saline  substances  held  in  solution  by 
the  serum. 

Of  the  Vital  Properties  of  the  Blood. 

The  blood  not  only  maintains  the  life  of 
all  the  other  parts  of  the  body,  but  it  is 
itself  alive.  Some  obscure  notion  of 
this  kind  prevailed  at  a  very  early  period, 
and  is  alluded  to  by  Hippocrates.  Har¬ 
vey  formed  a  clearer  conception  of  the 
truth,  and  Hunter  states  the  fact  dis¬ 
tinctly,  and  in  adducing  the  proofs  of  it 
which  occurred  to  him,  observes,  that  he 
had  long  suspected  that  life  wras  not 
wholly  confined  to  substances  endowed 
with  visible  organization,  and  capable 
of  spontaneous  motion.  Since  the  time 
of  Hunter  the  opinion  has  been  slowly 
but  steadily  extending  among  physiolo¬ 
gists,  and  the  evidence  of  its  truth  may 
now  be  considered  as  completely  satis¬ 
factory. 

1.  There  can  be  no  evidence  that  a 
substance  is  alive  but  that  it  exhibits  the 
phenomena  which  have  been  stated  to 
be  peculiar  to,  and  therefore  character¬ 
istic  of,  life.  Whatever  be,  in  other 
respects,  the  condition  of  a  body  which 
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exhibits  truly  vital  phenomena,  it  must 
be  admitted  to  be  a  living  body.  Now, 
the  blood  exhibits  several  of  the  most 
characteristic  properties  of  life.  In  the 
first  place,  it  is  capable,  like  other  living 
bodies,  of  resisting,  within  a  wide  range, 
the  ordinary  influence  of  physical  agents. 
Many  illustrations  have  already  been 
given  of  the  extraordinary  power  of  the 
living  body  to  resist  intense  degrees  of 
heat  and  cold.  Among  these  was  men¬ 
tioned,  and  we  must  again  advert  to  it, 
on  account  of  its  striking  analogy  to 
certain  phenomena  exhibited  by  the 
blood,  the  preservative  power  of  the 
egg.  It  is  well  known  that  the  egg  pos¬ 
sesses  the  power  of  self-preservation  for 
several  weeks,  although  exposed  to  a 
degree  of  heat  which  would  certainly 
occasion  the  putrefaction  of  dead  ani¬ 
mal  matter.  During  the  period  of  in¬ 
cubation  the  egg  is  kept  at  a  heat  of 
103°,  the  hen's  egg  for  three,  that  of  the 
duck  for  four  weeks  :  yet  when  the 
chick  is  hatched,  the  entire  yolk  is  found 
perfectly  sweet,  and  that  part  of  the 
albumen,  or  white,  which  has  not  been 
expended  in  the  nourishment  of  the 
young  animal,  is  also  quite  fresh.  It  is 
found  that  if  the  preservative  principle 
be  destroyed,  as  it  may  be  instantane¬ 
ously,  by  passing  the  electric  fluid 
through  the  egg,  it  becomes  putrid  in 
the  same  time  as  other  dead  animal 
matter. 

Its  power  of  resisting  cold  is  proved 
to  be  equally  great  by  several  curious 
experiments  of  Hunter,  which  were  so 
managed  as  to  show,  at  the  same  time, 
both  the  power  of  the  vital  principle  in 
resisting  the  physical  agent  and  the  influ¬ 
ence  of  the  physical  agent  in  diminish¬ 
ing  the  energy  of  the  vital  principle. 
Thus  he  exposed  an  egg  to  the  tempe¬ 
rature  of  17°  and  15°  of  Fahrenheit: 
he  found  that  it  took  about  half  an  hour 
to  freeze  it.  When  thawed,  and  again 
exposed  to  a  cold  atmosphere,  ;t  was 
frozen  in  one  half  the  time,  and  when 
only  at  the  temperature  of  25°.  He 
then  put  a  fresh  egg,  and  one  that  had 
previously  been  frozen  and  again  thawed, 
into  a  cold  mixture  at  15°:  the  dead 
egg  was  frozen  twenty-five  minutes 
sooner  than  the  fresh.  It  is  obvious 
that,  in  the  one  case,  the  undiminished 
vitality  of  the  fresh  egg  enabled  it  to 
resist  the  low  temperature  for  so  long  a 
period :  in  the  other  case,  the  diminished 
or  destroyed  vitality  of  the  frozen  egg 
occasioned  it  speedily  to  yield  to  the  in¬ 
fluence  of  the  physical  agent.  Now 


precisely  the  same  results  were  obtained 
in  analogous  experiments  with  the 
blood.  On  ascertaining  the  degree  of 
cold  and  the  length  of  time  necessary  to 
freeze  blood  immediately  taken  from  the 
blood-vessel,  he  found  that,  as  in  the 
egg,  a  much  shorter  period  and  a  much 
less  degree  of  cold  were  requisite  to 
freeze  blood  that  had  previously  been 
frozen  and  again  thawed,  than  blood 
recently  taken  from  the  vessel.  It  is 
reasonable  to  infer  that  this  difference 
arises  from  the  same  principle ;  the  vita¬ 
lity  of  the  recent  blood,  being  compara¬ 
tively  undiminished,  enables  it  to  resist 
the  cold  longer  than  blood  the  vital 
energy  of  which  has  already  been  partly 
exhausted  by  previous  exposure  to  the 
influence  of  this  physical  agent. 

2.  Hunter  adduces  some  facts  to  show 
that  the  blood,  like  other  living  sub¬ 
stances,  originates  motion  and  action. 
We  know  that  if  a  living  egg  be  placed 
under  a  hen,  or  even  exposed  for  a  cer¬ 
tain  time  to  a  degree  of  artificial  heat 
equal  to  that  in  which  it  is  maintained 
during  incubation,  certain  motions  or 
actions  spontaneously  arise  within  it 
which  terminate  in  the  development  of 
the  chick.  This  illustrious  physiologist, 
from  certain  observations  which  he  was 
the  first  to  make,  was  led  to  the  conclusion 
that  an  analogous  process  occasionally 
takes  place  in  the  blood.  If  in  the  liv¬ 
ing  body  blood  be  effused  from  its  ves¬ 
sels,  either  upon  the  surfaces  of  organs 
or  into  cavities,  it  solidifies  without  losing 
its  principle  of  life :  it  is  not  correct  to 
say  that  the  blood  coagulates  under  such 
circumstances,  for  the  term  coagulation 
should  be  confined  to  the  solidification 
of  the  blood  without  the  body.  If  the 
solid  thus  produced  be  examined  some 
time  after  its  formation,  it  is  found  to 
abound  with  blood-vessels.  Some  of 
these  vessels  can  be  distinctly  traced 
from  the  surrounding  living  parts  into 
the  solid :  others  cannot  be  traced  from 
these  parts.  Those,  the  origin  of  which 
could  not  be  found  external  to  the  solid, 
were  supposed  by  Hunter  to  be  formed 
within  it.  It  is  obvious  that  if  this  were 
really  the  fact,  such  a  solid  would  com¬ 
mence  an  action  which  would  terminate 
in  its  organization  — an  action  perfectly 
analogous  to  that  by  which  the  incu¬ 
bated  egg  commences  a  series  of  move¬ 
ments  which  terminate  in  the  develop¬ 
ment  of  the  chick  ;  an  action  which  no 
substance  eould  possibly  originate  unless 
it  were  endowed  with  life.  It  must  be 
confessed,  however  that  it  is  doubtful 
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w  hether' the  fact  be  correct,  especially  as 
thus  stated.  There  is  no  doubt  that  the 
blood  thus  solidified  within  the  body 
becomes  organized.  The  point  unsettled 
is,  whether  the  vessels  which  organize  it 
shoot  into  it  from  the  living  parts  in 
contact  with  it,  or  originate,  partly  at 
least,  within  itself :  the  doubt,  however, 
does  not  interfere  with  the  present  argu¬ 
ment  :  a  dead  substance,  thus  sur¬ 
rounded  by  living  parts,  does  not  become 
organized ;  the  blood  does,  and  the 
argument  is  that,  therefore,  it  must  itself 
possess  vitality. 

3.  An  argument  in  favour  of  the  vita¬ 
lity  of  the  blood  more  conclusive,  be¬ 
cause  the  fact  upon  which  it  is  founded 
is  unquestioned  and  unquestionable,  is 
derived  from  its  fluidity.  We  know 
that,  while  circulating  within  its  vessels, 
it  is  maintained  in  a  fluid  state.  It  could 
not  circulate,  it  could  not  readily  divide 
itself  so  as  to  permeate  through  the  con¬ 
stantly  diminishing  tubes  of  the  arteries, 
and  the  minute  branches  of  the  veins, 
unless  it  were  fluid.  All  the  actions  of 
the  economy  would  instantly  cease,  all 
the  wheels  of  the  machinery  would  be 
clogged  and  stopped,  were  the  mass  in 
the  living  body  to  become  solid,  or  even 
to  approach  to  the  solid  state.  And  yet 
its  power  of  becoming  solid  is  a  property 
so  essential  to  it,  that  without  it  all  its 
other  properties  would  be  useless,  be¬ 
cause  it  is  upon  this  power  that  the 
construction  of  the  solid  textures  entirely 
depends.  We  have  seen  that  its  tendency 
to  assume  a  solid  state  is  so  great  that, 
when  removed  from  the  living  vessel,  a 
large  portion  of  it  is  converted  into  a 
firm  solid  in  a  few  minutes ;  and  that, 
even  within  its  vessel,  if  any  circum¬ 
stance  happen  to  interrupt  the  circula¬ 
tion  for  a  considerable  time,  it  is  exceed¬ 
ingly  apt  to  become  solid,  and  to  plug 
lip  the  channel.  It  is  probable  that 
slow  motion  increases  its  consistence  in 
an  appreciable  degree :  it  is  certain  that 
absolute  rest  greatly  promotes  and  has¬ 
tens  its  solidification.  Some  of  the 
most  important  and  essential  actions  in 
the  economy  appear  to  depend  upon 
this  property,  for  the  arrangement  Of  the 
secerning  vessels  in  all  the  organs  of 
secretion  is  uniformly  and  strikingly 
such  as  to  ensure  an  exceedingly  slow 
motion  of  the  blood  through  them.  It 
was  necessary,  then,  in  constructing  the 
blood,  to  preserve  the  balance  between 
its  fluidity  and  solidity  so  nicely,  that, 
while  all  the  purposes  of  the  economy 
should  be  seem  ed,  its  actions  should  not 


be  impeded  by  the  very  instrument  that 
was  essential  to  them.  A  fluid  must  be 
formed  capable  of  becoming  solid  with 
ease  and  certainty ;  and  at  the  same 
time  capable  of  maintaining  its  fluidity 
with  the  like  ease  and  certainty.  Now, 
a  substance  endowed  with  properties  so 
opposite,  and  whose  continuity  of  pro¬ 
perties  is  so  constantly  called  into  play, 
and  is  so  essential  to  the  ultimate  pur¬ 
pose  of  its  action,  is  found  in  nothing 
purely  mechanical :  human  ingenuity 
can  construct  no  machinery  analogous 
to  it :  it  is  found  only  in  the  mechanism 
of  life,  and  the  property  is  so  peculiar 
to  life,  and  so  distinctive  of  it,  that  we 
have  no  other  resource  than  to  refer  all 
the  particular  facts  of  this  kind  that  are 
met  with  to  the  principle  of  life,  and  to 
say  that  they  depend  upon  a  vital  prin¬ 
ciple.  We  cannot  avoid  some  such 
modes  of  expression,  and  in  fact  this  is 
the  language  uniformly  employed  by  all 
physiologists.  When  they  observe  that 
the  blood  while  it  circulates  in  the  liv¬ 
ing  vessel  maintains  its  fluidity,  but  be¬ 
comes  solid  almost  immediately  after  it 
is  withdrawn  from  the  vessel ;  when 
they  observe  that  it  is  not  the  cessation 
of  its  circulation  that  causes  its  solidifi¬ 
cation,  since,  on  making  the  experiment, 
they  find  that  if  it  be  kept  at  the  same 
temperature  as  in  the  living  body,  and 
made  to  circulate  with  equal  rapidity 
through  a  dead  tube,  it  equally  becomes 
a  solid,  they  say  it  is  maintained  in  a 
fluid  state  by  the  principle  of  life.  We 
ought,  however,  never  to  forget  that  all 
expressions  of  this  kind  amount  to  no 
more  than  the  general  statement  of  the 
fact  that  the  phenomena  in  question  are 
uniformly  found  in  connexion  with  the 
condition  of  life ;  and  still  less  ought 
such  language  to  divert  our  attention 
from,  or  render  us  insensible  to,  the 
beauty  and  wisdom  of  adjustment  s  which , 
perhaps,  we  do  not  perceive  to  be  me¬ 
chanism  only  because  the  mechanism 
so  much  surpasses  in  delicacy  and  per¬ 
fection  any  with  which  our  gross  senses 
have  made  us  acquainted. 

4.  The  blood  must  be  a  living  sub¬ 
stance  because  it  is  capable  of  dying. 
It  is  capable  of  sudden  death  ;  for  if  the 
electric  fluid  be  passed  through  it,  it  is 
killed  instantaneously,  as  has  been  stated 
already  in  a  former  part  of  this  treatise. 
But  it  may  be  said  to  undergo  the  pro 
cess  of  natural  death,  aprocess  which  has 
already  been  described  under  the  name 
of  coagulation.  When  this  process  is 
attentively  examined  it  will  be  found  to 
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be  a  very  curious  operation,  bearing 
little  analogy  to  any  other  with  which 
we  are  acquainted,  and  the  cause  of 
which  there  is  considerable  difficulty  in 
assigning.  Perhaps  the  process  which 
bears  the  greatest  resemblance  to  it  is 
the  coagulation  of  albumen  ;  but  there 
is  this  essential  difference  between  the 
two, — that  albumen  does  not  coagulate 
of  itself,  but  only  on  the  application  of 
heat  or  of  some  chemical  re-agent ; 
whereas  the  blood  coagulates  spontane¬ 
ously.  Little  light  is  thrown  on  the 
subject  by  considering  the  different  cir¬ 
cumstances  in  which  the  blood  is  placed 
when  contained  within  its  vessel  and 
when  withdrawn  from  it.  In  the  one 
case,  it  is  in  constant  motion,  in  the  other 
it  is  in  a  state  of  rest :  in  the  one  case  it 
is  excluded  from  the  air,  in  the  other  it  is 
exposed  to  it :  in  the  one  case  it  is  main¬ 
tained  in  an  equal  and  somewhat  high 
temperature,  in  the  other  it  is  placed 
in  a  temperature  considerably  lower. 
Accordingly,  rest  and  exposure  to  the 
atmospheric  air  and  to  cold  have  been 
assigned  as  the  causes  of  the  coagula¬ 
tion  of  the  blood. 

But  that  rest  alone  is  not  sufficient  to 
cause  the  coagulation  of  the  blood,  is 
evident,  on  the  one  hand,  because  one 
of  the  most  common  methods  of  obtain¬ 
ing  a  coagulum  is  by  constantly  stirring 
the  blood  as  it  flows  from  a  vein  ;  and, 
on  the  other,  because  when  a  tourniquet 
is  applied  to  a  vessel  the  blood  contained 
in  it  remains  fluid  :  moreover  in  fainting 
fits,  however  long  continued,  in  which 
the  circulation  appears  to  be  stopped, 
coagulation  does  not  take  place. 

That  exposure  to  atmospheric  air  is 
not  essential  to  coagulation  is  equally 
certain ;  for  Mr.  Hunter  proved  that 
coagulation  takes  places  in  vacuo ;  and 
we  have  seen  that  it  occurs  in  situations 
from  which  the  air  must  necessarily  be  ex¬ 
cluded  ;  in  living  vessels,  in  various  cavi¬ 
ties  of  the  body,  and  on  its  surface  :  thus, 
when  a  blow  has  been  received  on  the 
eye,  causing  the  appearance  which  is 
termed  ecchymosis,  if,  in  about  half  an 
hour  after  the  blow  has  been  received,  a 
lancet  be  plunged  into  the  wound,  the 
blood  will  be  found  coagulated. 

Neither  is  cold  necessary  to  the  pro¬ 
cess.  The  temperature  of  the  fish  is 
about  60°:  if  the  blood  of  the  fish  be 
removed  from  the  body,  and  brought 
into  a  temperature  of  about  70°,  it  im¬ 
mediately  coagulates.  If  blood,  taken 
from  a  warm-blooded  animal,  as  the 
rabbit,  be  frozen,  and  afterwards  thawed. 


it  will  be  found  to  be  perfectly  fluid. 
Numerous  experiments  show  that  the 
blood  most  readily  coagulates  at  its 
natural  temperature  (98°) ;  that  it  coa¬ 
gulates  most  slowly  between  60°  and 
90°  ;  and  that  below  38°  and  32°  it  does 
not  coagulate  at  all,  but  remains  fluid. 
While  it  is  evident,  therefore,  that  nei¬ 
ther  rest,  nor  exposure  to  atmospheric 
air,  nor  cold,  are  essential  to  this  curious 
process,  yet  all  observation  and  experi¬ 
ment  agree  in  showing  that  each  pro¬ 
motes  it  in  a  considerable  degree. 

These  observations  abundantly  attest 
how  little  the  process  of  coagulation  is 
dependent  on  physical  agents :  there  are 
other  phenomena  connected  with  it, 
which  show  how  closely  it  is  related  to 
the  actions  of  life — phenomena  which 
prove  that  the  vitality  of  the  blood  in¬ 
creases  or  diminishes  with  the  vitality  of 
other  parts  of  the  body.  The  blood, 
when  drawn  from  its  vessel,  does  not 
instantly  die  or  coagulate.  By  observing 
the  length  of  time  consumed  in  the  pro¬ 
cess,  we  are  able,  in  some  sort,  to  mea¬ 
sure  the  degree  of  vital  energy  it  pos¬ 
sessed.  It  is  found  that  in  diseases 
which  depend  on  a  preternatural  energy 
of  vital  action,  as  in  inflammation,  the 
blood  coagulates  much  more  slowly 
than  in  a  state  of  health,  while  the 
coagulation  itself  is  more  perfect ;  and, 
on  the  contrary,  that  in  diseases  which 
depend  on  a  diminution  of  the  vital 
energy,  as  in  certain  fevers,  it  either 
coagulates  much  more  rapidly,  or  does 
not  coagulate  at  all:  because,  in  the 
first  case,  it  possesses  the  vital  principle 
in  a  higher  degree  than  natural,  and, 
therefore,  resists  longer  the  influence  of 
the  physical  agents  to  which  it  is  ex¬ 
posed  ;  and,  in  the  second  case,  it  pos¬ 
sesses  the  vital  principle  in  a  less  de¬ 
gree  than  natural,  and,  therefore,  sooner 
yields  to  the  influence  of  those  agents. 
A  phenomenon  connected  with  the  coa¬ 
gulation  of  the  blood,  of  great  import¬ 
ance  to  the  physician,  depends  on  this 
principle :  namely,  the  formation  of 
what  is  termed  the  “  buffy  coat,"  an  ap¬ 
pearance  in  the  blood  which  denotes  in¬ 
flammatory  action  in  the  system,  and 
the  presence  of  which  affords  an  in¬ 
valuable  guide  in  the  treatment  of 
disease.  The  terms  “buff"’  or  “size” 
are  employed  to  denote  that  state  of  ihe 
crassamentum  when  its  upper  part  con¬ 
tains  no  red  particles,  but  exhibits  a 
layer  of  buff-coloured  substance,  lying 
on  the  top  of  the  red  clot.  In  this  con¬ 
dition  of  the  blood,  the  red  particles 
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sink  to  the  lower  part  of  the  clot  before 
the  coagulation  is  completed,  and,  there¬ 
fore,  the  upper  surface  of  the  clot  is 
colourless  :  at  the  same  time,  the  whole 
of  the  coagulated  portion  is  much  firmer 
than  natural.  The  red  particles  have 
time  to  subside  before  the  coagulation 
is  complete,  because  the  coagulation  is 
slower ;  and  it  is  slower  because,  in  the 
morbid  condition  of  the  system  of  which 
this  huffy  appearance  is  the  sign,  the 
blood  possesses  a  higher  degree  of 
vitality  than  it  does  in  a  sound  state. 
The  truth  of  this  opinion,  which  had 
long  been  prevalent  among  physiologists 
and  physicians,  is  proved  in  the  clearest 
manner  by  a  very  simple  but  beautiful 
series  of  experiments,  instituted  by  Mr. 
Thackrah.  These  consist  in  receiving 
blood  taken  from  the  vessels  of  a  living 
animal,  in  a  full  and  uninterrupted  flow, 
into  different  cups,  and  noting  the  time 
at  which  coagulation  commences  in 
each.  For  example,  blood  was  taken 
from  a  horse  at  four  periods,  about  a 
minute  and  a  half  being  allowed  to 
int„rvene  between  the  filling  of  each 
cup.  In  the  first  cup  coagulation  began 
in  eleven  minutes,  ten  seconds :  in  the 
second  cup,  in  ten  minutes,  four  seconds : 
in  the  third  cup,  in  nine  minutes,  thirty- 
five  seconds :  in  the  fourth  cup,  in  three 
minutes,  twenty  seconds.  In  another 
experiment,  blood  was  received  from  the 
vessels  of  a  slaughtered  ox  into  three 
cups — No.  1.  being  filled  in  the  first 
flow ;  No.  2.  about  three  minutes  after¬ 
wards  ;  No.  3.  a  short  time  before  the 
death  of  the  animal.  Coagulation  com¬ 
menced  in  No.  1.  in  two  minutes,  thirty 
seconds :  in  No.  2.  in  one  minute,  thirty- 
five  seconds:  in  No.  3.  in  one  minute, 
ten  seconds.  In  a  similar  experiment 
coagulation  commenced  in  the  first  cup 
in  two  minutes,  ten  seconds :  in  the 
second  in  one  minute,  forty-five  seconds  : 
in  the  third,  in  thirty-five  seconds.  Si¬ 
milar  phenomena  are  observed  to  take 
place  in  the  human  subject.  Blood,  to 
the  amount  of  about  one  pint  and  a  half, 
was  taken  from  the  arm  of  a  woman 
labouring  under  fever :  a  portion  of  it 
received  into  a  cup,  on  the  first  effusion, 
remained  fluid  seven  minutes ;  a  similar 
quantity,  taken  immediately  before  tying 
up  the  arm,  was  coagulated  in  three 
minutes,  thirty  seconds.  Of  blood  taken, 
as  in  the  preceding  experiment,  from  the 
arm  of  a  man,  the  first  portion  began  to 
coagulate  in  seven  minutes  ;  the  last  in 
four.  The  vitality  of  the  system,  and, 
together  with  it,  the  vitality  of  the  blood, 


being  diminished  by  each  successive 
abstraction,  this  fluid  coagulated,  that 
is,  its  vital  principle  become  totally  ex¬ 
tinct  sooner,  and  sooner  in  proportion 
as  it  was  previously  weakened. 

Other  experiments  of  Mr.  Thackrah, 
perhaps  still  more  interesting,  go  to 
establish,  in  the  clearest  manner,  that 
vitality  is  communicated  to  the  blood, 
or,  at  least,  is  maintained  in  it  through 
the  medium  of  the  nervous  system,  the 
nervous  influence  being  transmitted  to 
it  by  the  nerves  of  the  vessels  that  con¬ 
tain  it,  the  arteries  and  veins.  Thus  a 
portion  of  a  vein,  in  a  living  animal, 
was  included  between  two  ligatures: 
this  portion  was  allowed  to  remain  in  its 
natural  situation :  at  the  end  of  ten 
minutes  the  blood  it  contained  was  not 
coagulated.  Again,  a  portion  of  a  vein 
was  included  betw'een  two  ligatures  in  a 
living  dog:  it  was  then  removed  from 
the  body,  and  immersed  in  water  at  the 
temperature  of  OS3:  the  blood  it  con¬ 
tained  was  not  coagulated  at  the  end  of 
an  hour.  On  the  other  hand,  a  dog 
having  been  killed,  a  portion  of  a  vein 
was  immediately  taken  from  its  body 
and  plunged  into  water,  which  was 
maintained  for  two  days  at  the  tempe¬ 
rature  of  between  90°  and  100°.  At  the 
end  of  this  period  a  quantity  of  blood 
was  made  to  flow  from  the  vein  of  a 
living  dog  into  this  dead  vein :  the  blood 
being  secured  by  ligature  in  this  dead 
vessel,  was  then  immediately  immersed 
in  water,  at  the  temperature  of  98° :  at 
the  end  of  a  quarter  of  an  hour,  the 
blood  was  found  firmly  coagulated. 
Thus,  blood  contained  in  a  living  vessel 
did  not  coagulate  in  the  space  of  an 
hour:  that  inclosed  in  a  lifeless  vein 
coagulated  in  one-fourth  of  the  time. 

It  has  already  been  stated  that  coagu¬ 
lation,  the  process  by  which  the  blood 
is  converted  into  a  solid  when  abstracted 
from  its  vessels,  is  totally  different  from 
that  by  which  it  becomes  solid,  within 
the  living  vessel,  or  within  the  living 
system  :  that  the  first  may  be  considered 
as  its  natural  death ;  but  that,  on  the 
second,  depend  some  of  the  most  im¬ 
portant  processes  ofdhe  living  economy. 
This  may  be  illustrated  very  beautifully 
by  attending  to  the  process  by  which 
a  wound  heals.  When  a  living  solid  is 
wounded,  a  number  of  its  blood-vessels 
are  divided ;  a  quantity  of  blood  is 
poured  out  into  the  cellular  tissue  that 
surrounds  the  wound  ;  the  red  particles 
soon  disappear,  being  taken  up  and  re¬ 
moved  by  the  absorbent  vessels :  an 
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adhesive  matter  remains  which  glues 
together  the  edges  of  the  wound :  this 
adhesive  matter  is  the  fibrin  which  gra¬ 
dually  becomes  organized :  according  to 
the  received  opinion,  by  the  elongation  of 
the  minute  blood-vessels  of  the  imme¬ 
diate  neighbourhood  which  shoot  into 
the  interior  of  the  effused  substance ; 
according  to  Hunter,  partly  by  this  pro¬ 
cess,  and  partly  by  the  origin  of  new 
arteries  and  veins  which  are  formed 
within  the  efFused  substance,  and  which 
springing  from  it  unite  with  the  elongated 
vessels  of  the  parts  in  the  immediate 
neighbourhood:  the  effused  adhesive 
matter,  thus  acquiring  blood-vessels,  and 
receiving  a  regular  supply  of  blood,  be¬ 
comes  a  true  and  proper  part  of  the 
living  body,  and  exercises  its  appropriate 
functions  in  the  economy.  This  process 
is  called  by  surgeons,  healing  by  adhe¬ 
sion:  it  depends  essentially  upon  the 
solidification  and  adhesiveness  of  the 
fibrin,  and  without  this  property  of  the 
blood  no  loss  of  substance  could  be  re¬ 
produced  ;  no  part  of  an  injured  organ 
could  be  repaired;  no  surgical  opera¬ 
tion  could  be  performed ;  no  wound  in  a 
blood-vessel  could  heal ;  and,  conse¬ 
quently,  the  slightest  cut  must  prove 
fatal. 

Of  the  total  Quantity  of  Blood  in  the 
Body. 

The  total  quantity  of  blood  in  the  body 
it  is  difficult  to  ascertain:  the  data  on 
which  the  common  calculations  are 
made  are  uncertain — only  approxima¬ 
tions  to  the  truth  can  be  obtained. 
Haller  estimates  that,  in  the  adult  man, 
the  blood  may  constitute  about  one- 
fifth  part  of  the  weight  of  the  whole 
body.  According  to  this  calculation,  a 
body  weighing  150  pounds  would  con¬ 
tain  about  30  pounds  of  blood:  of  this 
it  is  supposed  that  somewhat  more  than 
three-fourths  are  contained  in  the  veins, 
and  only  one- fourth  in  the  arteries. 
The  quantity  of  blood  in  young  animals 
is  proportion  ably  greater  than  in  the 
old,  or  the  adult,  because,  in  the  former, 
the  body  is  not  only  to  be  sustained 
but  enlarged,  and  many  of  the  organs 
to  be  completed.  In  small  and  weak 
animals  there  is  less  in  proportion  to 
their  size  than  in  the  larger  and  more 
muscular :  in  wild  animals  there  is  more 
than  in  the  tame,  and  in  the  active  more 
than  in  the  sedentary.  The  quantity  in 
different  parts  of  the  same  animal  is 
always  in  proportion  to  the  importance 
of  tire  organ :  thus  there  is  incomparably 


more  in  the  brain  and  stomach  than  in 
the  skin  and  bones. 

Of  the  Circulation. 

Having  thus  explained  the  formation  of 
chyle  from  the  aliment,  and  traced  it 
to  its  conversion  into  true  and  proper 
blood  in  the  lung ;  having  described  the 
several  component  parts  of  the  blood, 
and  given  an  account  of  the  properties 
of  each,  we  now  proceed  to  the  consi¬ 
deration  of  the  mode  in  which  this  vital 
fluid  is  distributed  to  the  different  parts 
of  the  body.  This  brings  us  to  the  sub¬ 
ject  of  the  circulation,  in  treating  which, 
in  conformity  to  the  plan  of  this  trea¬ 
tise,  we  shall  first  of  all  consider  the 
apparatus  by  which  the  function  is 
performed,  and  afterwards  the  function 
itself. 

Of  the  Apparatus  of  the  Circulation. 

The  circulation  consists  in  the  trans¬ 
mission  of  the  nutritive  fluid  from  a 
given  point  to  the  different  parts  of  the 
body;  and  from  the  different  parts  of 
the  body  back  to  that  point  again.  It 
is  only  when  such  a  circle  is  performed 
that  there  is  a  true  circulation.  In  or¬ 
der  to  carry  on  a  circulation,  a  great 
number  of  organs  is  required,  the  pos¬ 
session  of  which  is  perfectly  inconsistent 
with  the  simplicity  of  structure  by  which 
the  lower  classes  of  animals  are  distin¬ 
guished.  Wherever  there  is  a  true  cir¬ 
culating  system  there  is  a  complexity 
and  perfection  of  organization,  which 
gives  to  the  creatures  that  possess 
it  a  high  place  in  the  animal  scale: 
vast  tribes  of  beings  that  occupy  the 
lower  part  of  the  scale  are  destitute  of 
every  trace  of  it. 

The  necessity  of  a  circulation  exists 
only  in  animals  of  a  certain  structure. 
Whenever  the  nutritive  fluid  is  elabo¬ 
rated  in  a  special  and  isolated  organ, 
there  must  be  some  means  of  conveying 
it  from  that  organ  to  the  other  parts  of 
the  body :  but  where  the  entire  body 
consists  of  one  extended  stomach  there 
can,  of  course,  be  no  need  of  a  circula¬ 
tion.  In  almost  all  the  orders  of  zoo¬ 
phytes  the  organization  is  thus  simple. 
The  infusorise,  the  polypes,  the  inhabit¬ 
ants  of  corals  and  sponges  are  composed 
of  a  uniform  gelatinous  substance,  every 
part  of  which  is  constantly  impregnated 
with  its  nutritive  fluid,  and  is  endowed 
with  the  power  of  supporting  the  changes, 
whatever  they  may  be,  that  take  place 
in  their  system.  But  we  have  seen 
that  the  earliest  trace  of  a  distinction  of 


62  ANIMAL  PHYSIOLOGY. 


parts  in' this  uniform  substance  consists 
in  the  formation  of  a  cell,  a  cavity,  a 
tube,  or  some  other  special  organization 
to  which  the  performance  of  the  function 
of  digestion  is  restricted.  Whenever 
this  is  the  case,  whenever  the  stomach 
assumes  the  form  of  a  distinct  organ,  or 
begins  to  be  in  any  degree  isolated,  then 
canals  are  seen  to  branch  off  from  it  in 
order  to  convey  the  nutritive  fluid  from 
this  isolated  spot  to  the  different  parts 
of  the  body.  These  canals  usually 
branch  off  from  the  digestive  organ  in  a 
radiated  manner,  because  the  figure  of 
all  these  lower  orders  being  more  or  less 
circular,  the  nutritive  fluid  is  conveyed, 
by  this  arrangement,  in  the  directest 
mode,  to  the  extremities  of  the  body. 
Hence,  the  earliest  rudiment  of  a  vascu¬ 
lar  system  consists  rather  in  the  forma¬ 
tion  of  an  intestine  than  a  vessel.  These 
radiated  canals  are,  at  first,  not  distinct 
tubes  composed  of  a  peculiar  tissue,  but, 
as  far  as  can  be  ascertained,  appear  to 
be  merely  excavations  formed  in  the 
homogeneous  substance  of  the  body. 
Canals  of  this  kind  are  first  distinguish¬ 
able  in  some  of  the  higher  orders  of 
zoophytes.  Thus,  in  the  medusa  there 
are  seen  to  spring  from  the  stomach 
distinct  channels  which  proceed  in  a 
radiating  manner  towards  the  margin  of 
the  body,  and  which  there  empty  them¬ 
selves  into  a  circular  vessel  (Jig.  41); 
nut  it  is  impossible,  in  these  animals,  to 
distinguish  any  tubes  for  conveying  the 
fluid  back  again  to  the  organ  whence 
it  issued,  and,  consequently,  they  cannot 
be  considered  as  possessing  a  true  cir¬ 
culation.  Even  in  animals  the  structure 


Fig.  41. 


Medusa  amita  seen  from  Below;  a,  a,  radiating 
vessels  ;  b,  b,  b,  b,  circular  vessel  into  which 
the  radiating  vessels  empty  themselves. 


oS  which,  in  many  important  particulars, 


is  considerably  more  advanced  than  that 
of  the  medusa,  as  intestinal  worms,  the 
rudiments  of  the  vascular  system  pre¬ 
sent  still  more  the  appearance  of  rami¬ 
fications  of  the  intestinal  canal. 

The  first  distinct  and  certain  vessel 
for  the  distribution  of  the  nutritive  fluid 
appears  to  be  found  in  the  insect.  If 
the  general  mass  of  the  body,  in  almost 
all  the  orders  of  this  class,  be  examined 
with  a  microscope,  it  will  be  impossible 
to  detect  the  least  appearance  of  a  blood¬ 
vessel,  although  minute  ramifications  of 
the  tubes,  called  tracheae,  are  abundantly 
manifest  in  every  part:  but  there  is 
placed  along  the  back  a  distinct  tube, 
in  which  alternate  dilatations  and  con¬ 
tractions  may  be  clearly  discerned. 
This  tube  is  called  the  dorsal  vessel. 
It  constitutes  a  thin  membranous  canal 
of  a  uniform  size :  it  is  well  seen  in  the 
caterpillar  (Jig.  42) :  but  in  this  insect 

Fig.  42. 


A  part  of  the  dorsal  vessel  of  the  caterpillar, 
with  the  fine  ramifications  of  the  tracheae  at¬ 
tached  to  it. 

this  canal  is  closed  at  both  extremities, 
and  no  trace  of  a  vessel  in  communica¬ 
tion  with  it,  either  going  to  it  or  coming 
from  it,  can  be  discerned.  It  is  remark¬ 
able,  however,  that  it  is  completely  sur¬ 
rounded  by  exceedingly  minute  ramifica¬ 
tions  of  the  tracheal  tubes  (Jig.  42).  If 
this  vessel  be  removed  from  the  body,  or 
if  the  fluid  it  contains  be  coagulated  by 
muriatic  acid,  the  animal  will  continue 
to  live,  and  does  not  appear  to  suffer 
any  material  inconvenience  from  its  loss 
or  obstruction.  In  the  higher  orders  of 
insects,  as  the  spider  and  scorpion,  this 
vessel  is  more  developed.  In  some  of 
the  arachnidae,  as  in  those  spiders  which 
are  not  covered  with  hair,  it  can  be  seen 
to  pulsate  with  the  naked  eye  ;  and,  on 
careful  examination,  several  vessels  can 
be  perceived  to  be  given  off  by  it,  many 
of  which  can  be  traced  to  the  branchiae, 
and  others  are  lost  in  certain  bodies, 
called  adipose  (fig.  43 ) :  but  the  actual 
distribution  of  these  vessels,  and  the 
route  which  the  fluid  they  contain  pur¬ 
sues,  cannot  be  discovered  with  any 
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Fig.  43. 


(C 


a  b,  dorsal  vessel  of  the  spider ;  c,  d ,  c,  d ?  dis* 
tinct  branches  given  off  from  it ;  e ,  e,  adipose 
bodies. 

certainty,  on  account  of  the  extreme 
delicacy  of  the  vessels. 

In  a  physiological  view  there  is,  at 
this  point,  a  broad  line  of  demarkation 
in  the  structure  and  functions  of  ani¬ 
mals.  On  one  side  of  this  line,  the 
lowest,  are  found  all  the  orders  of  ani¬ 
mals  which  are  either  altogether  desti¬ 
tute  of  a  vascular  system,  or  in  which 
there  can  be  discovered  only  the  faint 
and  imperfect  traces  of  it  which  have 
been  described :  and  on  the  other  all 
the  orders  of  animals  in  which  the  vas¬ 
cular  system  is  more  developed ;  from 
those  which  possess  a  true  circulation, 
however  simple  in  form,  to  those  in 
which  the  circulation  is  carried  on  in 
the  most  complicated  and  perfect  man¬ 
ner.  All  the  tribes  of  animals,  on  the 
one  side,  will  be  found  to  bear  to  each 
other  a  perfect  physiological  resemblance 
in  the  most  important  points  of  their 
organization,  and  to  present  to  those,  on 
the  other  side,  equally  important  differ¬ 
ences;  these  resemblances  and  differ¬ 
ences  being  especially  apparent  in  the 
essential  functions  of  nutrition,  respira¬ 
tion,  and  secretion. 

The  most  simple  form  of  a  true  circula¬ 
tion  which  is  found  actually  to  exist  in 
the  animal  organization  is  that  in  which 
one  set  of  vessels  conveys  the  nutritive 
fluid  to  the  different  parts  of  the  body, 
and  from  which  another  set  of  vessels, 
uniting  with  the  first,  returns  the  fluid 
to  the  point  from  which  it  originally  set 
out.  These  two  orders  of  vessels  re- 
ceiv  e  different  names.  The  vessel  which 
conveys  the  nutritive  fluid  to  the  different 
parts  of  the  body  is  always  called  an 
artery  :  the  vessel  which  returns  the 
nutritive  fluid  from  the  different  organs 
of  the  body,  after  it  has  circulated 
through  them  to  the  point  whence  it 
began  to  flow,  is  called  a  vein.  The 


apparatus  requisite  for  the  circulation, 
therefore,  in  its  primitive  form  is  ex¬ 
tremely  simple :  there  are  required  only 
two  sets  of  vessels  directly  communica¬ 
ting  with  each  other.  Even  so  low  down 
as  the  echinodermata,  the  highest  order 
of  zoophytes,  Cuvier  thinks  he  has  dis¬ 
covered  an  example  of  this  mode  of  cir¬ 
culation.  In  the  holothuria,  he  describes 
a  set  of  vessels  which  carry  out  the 
nutritive  fluid  to  the  different  parts  of 
the  body,  and  which  he,  therefore,  con¬ 
ceives  to  be  analogous  to  arteries ;  and 
another  set  of  vessels  communicating 
with  the  first  which  return  the  fluid,  and 
which,  therefore,  perform  the  function 
of  veins.  It  is  certain  that  some  genera 
among  the  mollusca  possess  a  circula¬ 
ting  system  thus  simple. 

The  next  advancement  in  the  organi¬ 
zation  of  the  vascular  system  is  the 
construction  of  an  organ  which  is  usually 
placed  between  these  two  orders  of  ves¬ 
sels,  and  which,  on  account  of  its  posi¬ 
tion,  separating,  and  at  the  same  tiriie 
uniting,  the  two  great  systems  of  vessels, 
is  called  the  central  organ  of  the  circu¬ 
lation.  The  name  by  which  this  organ 
is  designated  is  the  Heart.  It  is  an 
engine  placed  between  these  two  sets  of 
tubes  to  assist  in  propelling  the  fluid 
they  contain  through  them.  It  is  a  very 
important  instrument  in  carrying  on  the 
circulation,  but  it  is  not  essential  to  it, 
since  a  true  circulation  may  exist  with¬ 
out  it :  its  presence,  however,  always 
implies  a  higher  and  more  perfect,  be¬ 
cause  a  more  extended  and  complicated, 
and,  therefore,  a  more  richly  endowed 
organization.  The  first  approach  to  the 
formation  of  such  a  central  organ  is  ob¬ 
served  in  some  of  the  more  perfect  or¬ 
ders  of  Vermes.  In  the  lumbricus  ter- 
restrit,  or  common  earthworm,  the 
communicating  branches  which  run 
between  the  abdominal  and  dorsal  ves¬ 
sels,  exhibit  several  heart-shaped  dilata¬ 
tions,  which  have  been  seen  to  contract 
with  peculiar  energy.  In  the  Crustacea 
these  dilatations  are  more  defined,  and 
their  action  is  more  definite.  The  heart 
of  the  astacus  fluviat'ilis,  or  cray-fish,  is 
distinctly  muscular,  sends  off  several 
arteries  both  backwards  and  forwards, 
and  when  even  wholly  removed  from 
the  body,  it  may  be  observed  to  pulsate 
with  very  considerable  activity.  The 
state  of  the  circulation,  however,  in  all 
these  orders  of  beings  is  very  imperfectly 
understood;  and  the  influence  which 
a  heart,  so  rudely  constructed,  can  exert 
upon  it  cannot  be  estimated  high. 
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Ascending  another  step  in  the  scale  of 
organization,  we  find  it  consisting  of  two 
bags  or  apartments  which  open  into  each 
other ;  between  which  there  exists  a  free 
and  constant  intercourse.  One  of  these 
apartments  is  destined  to  receive  the 
blood  from  the  vein;  the  other  is  in¬ 
tended  to  propel  it  into  the  artery. 
These  two  bags  or  apartments,  like  the 
two  orders  of  vessels,  receive  appropriate 
names :  that  which  receives  the  blood 
is  always  called  an  auricle  ;  that  which 
propels  it  forwards  is  always  called  a 
ventricle:  from  this  account  of  their 
office  it  is  obvious  that  the  auricle  must 
always  be  in  communication  with  a 
vein,  and  the  ventricle  with  an  artery  : 
the  bag  called  the  auricle  always  receives 
its  fluid  from  a  vein  ;  the  bag  called 
the  ventricle  always  propels  its  fluid 
into  an  artery. 

The  apparatus  for  the  circulation, 
then,  in  an  animal  which  possesses  a 
simple  heart,  consists  of  a  vein,  of  an 
auricle,  of  a  ventricle,  and  of  an  artery  ; 
of  a  vein  to  convey  the  blood  to  the  auri¬ 
cle  ;  of  an  auricle  to  transmit  the  blood 
to  the  ventricle ;  of  a  ventricle  to  pro¬ 
pel  the  blood  into  the  artery ;  and  of  an 
artery  to  distribute  the  blood  to  all  the 
parts  of  the  body.  The  trunk  of  the 
artery  when  it  springs  from  the  ventri¬ 
cle,  of  course,  is  a  large  tube.  If  it 
perform  its  office  perfectly,  that  is,  if  it 
convey  the  blood  to  all  the  parts  of  the 
body,  to  its  most  distant  extremity,  to 
its  minutest  portion,  it  must  of  necessity 
divide  and  subdivide,  and  subdivide 
again  and  again  into  branches  of  con¬ 
stantly  decreasing  magnitude,  until  at 
length  they  become  exceedingly,  we  may 
almost  say  inconceivably,  minute.  When 
we  consider  that  the  finest  point  of  the 
finest  needle  cannot  pierce  the  vascular 
part  of  an  animal  without  causing  the 
blood  to  flow  from  the  point  pricked,  we 
can  have  no  difficulty  in  conceiving 
the  extreme  minuteness  of  the  ultimate 
subdivisions  of  the  vessel.  These  mi¬ 
nute  and  ultimate  subdivisions  of  the 
artery  are  called  its  capillary  branches. 
The  artery,  then,  may  be  said  to  arise 
from  the  ventricle  of  the  heart  by  one 
large  trunk,  and  to  terminate  in  the 
organs  by  capillary  branches.  The  vein 
divides  and  subdivides,  in  a  similar 
manner,  into  branches  equally  minute, 
into  capillary  branches  ;  but  the  course 
of  the  capillary  veins  is  the  reverse  of 
the  course  of  the  capillary  arterial 
branches.  As  the  artery  arises  from 
the  heart  and  terminates  in  the  organs, 


so  the  vein  arises  in  the  organs  and 
terminates  in  the  heart.  Where  the 
capillary  branches  of  the  artery  termi¬ 
nate,  there  the  capillary  branches  of  the 
vein  begin,  and  precisely  there  the  two 
sets  of  vessels  unite.  Thus  the  capillary 
branches  of  the  artery  terminate  in  the 
organs  by  opening  into  the  capillary 
branches  of  the  veins.  And  thus  we  see 
how,  by  the  course  and  communication 
of  the  tubes,  the  fluid  they  contain  in 
moving  through  them  must  describe  a 
perfect  circle.  In  Jig.  44  we  see  a  plan 

Fig.  44. 
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e,  trunk  of  the  veiu;  a,  the  auricle  ;  6,  the  ven¬ 
tricle  ;  d ,  the  trunk  of  the  artery;  e,  capil¬ 
lary  branches  of  artery  and  vein  united. 

of  the  circulatory  apparatus  as  now  de¬ 
scribed  :  c  represents  the  vein,  a  the 
auricle,  b  the  ventricle,  d  the  artery,  e 
the  capillary  branches  of  the  artery  and 
vein  united.  The  points  of  the  darts  are 
in  the  direction  of  the  current  of  the 
blood  as  it  flows  through  the  vessels.  Let 
us  trace  that  current  from  the  points  of 
union  of  the  capillary  vessels,  in  e.  The 
capillary  branches  of  the  vein  receiving 
the  blood  from  the  capillary  branches  of 
the  artery  convey  it  to  the  trunk  of  the 
vein,  c ;  the  vein  transmits  it  to  the 
auricle,  a ;  the  auricle  sends  it  on  to  the 
ventricle,  b ;  the  ventricle  propels  it  into 
the  trunk  of  the  artery,  d,  which  by  its 
capillary  branches  reconveys  it  into  the 
capillary  branches  of  the  vein,  and  so 
the  circle  is  complete. 

Such  is  the  circulation  with  a  heart 
constructed  on  one  of  the  most  simple 
models  :  and  such  is  the  actual  course 
of  the  circulation  in  a  large  olass  of 
animals,  as  in  the  mollusca.  In  this 
class  the  heart  is  said  to  be  simple,  and 
the  circulation  single :  single  because  it 
describes  only  one  complete  circle. 

Merely  for  the  purpose  of  conveying 
the  nutritive  fluid  to  all  the  parts  of  the 
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body,  and  of  keeping  up  a  constant  cir¬ 
culation  of  it  through  all  the  organs, 
the  apparatus  that  has  been  described 
is  sufficient.  But  the  nutritive  fluid,  in 
describing  this  circle  and  in  nourishing 
the  organs  on  which  it  is  spent,  becomes 
deteriorated  or  deprived  of  its  nutritive 
property.  It  is  necessary  for  its  reno¬ 
vation  that  it  should  be  brought  into 
contact  with  atmospheric  air.  For  this 
purpose  a  new  organ,  which  is  called 
branchiae  or  gills  in  the  lower,  and  lungs 
in  the  higher  orders  of  animals,  is  re¬ 
quired,  and  consequently  the  apparatus 
of  the  circulation  must  be  complicated 
by  an  additional  instrument  for  convey¬ 
ing  the  blood  to  the  branchiae  or  to  the 
lungs :  hence  arises  the  next  complica¬ 
tion  in  the  structure  of  the  heart  or  of 
the  circulating  apparatus. 

The  expedient  by  which  this  necessary- 
purification  of  the  blood  is  accomplished 
is  by  the  communication  of  an  additional 
artery  to  the  apparatus,  an  artery  which 
is  made  lo  convey  the  blood  directly 
from  the  heart  to  the  branchiae,  or  lungs, 
and  which,  on  account  of  its  office,  is 
called  the  pulmonary  artery.  The  ap¬ 
paratus  now  consists  of  one  vein,  one 
auricle,  one  ventricle,  and  two  arteries  ; 
namely,  the  pulmonary  artery,  and  the 
primitive  artery,  which,  in  order  to 
distinguish  it  from  this  new  vessel, 
now  takes  the  name  of  aorta.  It 
is  obvious  that  the  pulmonary  artery 
must  always  be  placed  between  the 
heart  and  the  organs  of  respiration, 
while  the  aorta  must  be  placed  between 
the  organ  of  respiration  and  the  general 
system  of  the  body  in  order  to  receive 
the  renovated  blood  from  the  respiratory 
organs,  and  to  carry  it  out  to  the  system. 
The  structure  of  the  apparatus  of  the 
circulation  in  the  fish  will  illustrate  this 
arrangement  very  beautifully. 

In  the  fish  (Jig.  45)  there  is,  first,  the 
vein  a,  which  conveys  the  blood  to  the 
heart ;  secondly,  the  auricle  b,  which 
receives  the  blood  from  the  vein ;  thirdly, 
the  ventricle  c,  which  receives  the  blood 
from  the  auricle  ;  and  fourthly,  d,  a 
large  artery  which  springs  from  the 
ventricle.  Hitherto,  then,  the  apparatus 
is  precisely  the  same  as  that  which  has 
been  already  described  as  affording  an 
example  of  it  in  its  most  simple  form  ; 
but  in  that  form  this  artery  would 
convey  the  blood  to  the  system.  In 
the  fish,  on  the  contrary,  it  conveys 
it  not  to  the  system,  but  to  the  branchiae, 
or  the  organs  of  respiration :  it  is,  there¬ 
fore,  the  pulmonary  artery.  From  the 


Heart  of  the  Fish,  a,  the  vein  which  returns  the 
blood  from  the  different  parts  of  the  body  to  the 
heart;  b,  the  auricle  into  which  the  vein  opens; 
ct  the  ventricle;  d,  the  large  blood  vessel  arising 
from  the  ventricle;  1,  2,  3,  4,  its  branches,  which 
go  to  the  branchiae. 

branchiae  the  blood  passes  into  a  large 
artery,  which  is  the  analogous  artery  of 
the  most  simple  model,  because  it  is  by 
its  branches  that  the  blood  is  conveyed 
to  the  body  of  the  animal :  this  artery, 
therefore,  is  the  aorta,  or  the  systemic 
artery.  The  capillary  branches  of  the 
aorta  unite  in  the  organs  with  the 
capillary  branches  of  the  vein,  while  the 
latter  reconvey  the  blood  back  to  the 
auricle  of  the  heart ;  and  thus,  in  the 
fish,  the  circle  is  complete. 

In  fishes,  the  size  of  the  heart  is  ex¬ 
ceedingly  small  in  proportion  to  the  bulk 
of  the  body.  According  to  Tiedeman, 
it  is  but  the  ,,iTth  or  ^jth  of  the  weight 
of  the  body,  while  in  man  it  is  Ti5  .  The 
proportion  of  blood  possessed  by  fishes  is 
very  small :  they  have,  comparatively, 
few  blood  vessels,  and  even  of  these  they 
have  a  small  proportion  of  red  and  a 
much  greater  number  of  colourless  ves¬ 
sels  :  hence  their  muscles  are  pallid, 
or  white,  and  present  a  complete  con¬ 
trast  to  Ihe  deep  red  colour  of  the  mus¬ 
cles  in  the  higher  animals. 

In  the  next  order  of  animals,  that  of 
reptiles,  there  is  a  peculiar  modification 
of  the  pulmonic  portion  of  the  circulating 
apparatus :  indeed,  all  the  modification 
of  this  apparatus,  from  its  most  simple 
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to  its  most  complicated  model,  has  rela¬ 
tion  to  the  pulmonic  portion,  and  arises 
out  of  the  necessity  of  adapting  the  heart 
and  its  appendages  to  the  peculiar  mode 
in  which  the  animal  respires.  Of  this 
we  shall  perceive  additional  proof  at 
every  step  of  our  subsequent  progress. 

In  the  frog  {fig.  46)  the  heart  consists  of 


Heart  of  the  Frog,  a ,  the  vein  ;  5,  the  auricle;  c, 
the  ventricle ;  g,  the  great  artery,  dividing  into 
e  e,  the  pulmonic  artery  ;  and  d  d  d,  the  aorta; 
J\  the  lung. 

the  same  parts  as  those  which  have  been 
described  as  constituting  the  circulatory 
apparatus  of  the  fish.  It  has  the  same 
vein,  a ;  the  same  auricle,  b ;  the  same 
ventricle,  c ;  the  same  artery,  g ;  but 
in  the  fish,  this  artery  passes  directly  to 
the  branchiae :  were  the  arrangement, 
therefore,  perfectly  similar  in  these  ani¬ 
mals,  this  artery  would,  in  the  frog,  pro¬ 
ceed  immediately  to  the  lung,/.  Instead 
of  this,  however,  it  divides  into  two  great 
branches,  of  which  one,  e,  goes  immedi¬ 
ately  to  the  lung,  /,  while  the  main 
trunk,  d,  passes  on  to  the  body.  In  this 
case,  then,  the  branch  e  is  the  pulmonic 
artery,  and  the  branch  d  is  the  aorta  or 
the  systemic  artery.  On  inspecting  this 
plan  of  the  frog's  heart,  which  is  the 
model  of  that  on  which  the  heart  of  all 
amphibious  creatures  is  constructed,  it 
is  obvious  that  only  one  half  of  the 
blood  received  from  the  ventricle  is 
transmitted  to  the  lungs  before  it  is 
conveyed  to  the  general  system.  Hence 
in  these  creatures  only  one  half  of  the 
blood  is  aerated,  and  that  which  circu¬ 


lates  in  their  general  system  is  always 
one  half  venous  and  one  half  arterial. 
The  general  constitution  of  all  the  crea¬ 
tures  of  this  class  is  distinguished  by  very 
striking  peculiarities.  They  are  slug¬ 
gish,  languid,  cold,  inert,  difficultly 
moved,  and  tenacious  of  life  to  a  won¬ 
derful  degree.  They  can  bear  all  kinds 
of  stimuli:  they  can  bear  to  have  their 
hands,  legs,  bowels  cut  away.  Among 
other  peculiarities  of  their  constitution, 
they  can  live  long  without  air :  they  will 
rise  from  time  to  time  above  water,  if 
you  will  allow  them :  they  can  bear, 
again,  to  be  kept  undei  water,  if  you 
force  them ;  but  if  they  can  live  long 
under  water,  thev  can  also  live  at  least 
as  long  after  you  have  cut  off  their 
heads  or  cut  out  their  hearts."*  As 
will  be  fully  explained  when  we  treat  of 
the  function  of  respiration,  all  these 
peculiarities  are  referable  to  the  imper¬ 
fect  degree  in  which  the  blood  is  aerated ; 
although  in  some  of  the  higher  orders  of 
this  class  more  blood  is  exposed  to  the 
air  than  in  the  frog,  yet  in  a  physiolo¬ 
gical  view  the  structure  of  the  circula¬ 
tory  apparatus  is  essentially  the  same 
in  all.  The  heart  in  all  these  animals, 
though  somewhat  larger  than  in  fishes, 
is  still  much  smaller  than  in  the  higher 
classes :  the  weight  of  the  heart  in  the 
frog  is  the  5  Bth  part  of  the  weight  of  the 
body. 

In  the  next  class,  that  of  birds,  there 
is  a  prodigious  advancement  in  the  or¬ 
ganization  in  general ;  and,  in  the  circu¬ 
latory  and  respiratory  apparatus  in  par¬ 
ticular.  In  the  frog  the  lungs  are 
small,  and  only  one-half  of  the  blood  of 
the  body  passes  through  this  little  pul¬ 
monary  system  :  hence  the  cold-blooded¬ 
ness  and  inertness  of  the  creature.  In 
the  bird,  on  the  contrary,  besides  the 
proper  lungs,  there  are  additional  bags 
for  the  extension  of  their  respiratory 
system,  and  even  all  the  great  bones  of 
its  body  are  hollow  and  filled  with  air, 
and  made  subservient  to  the  aeration  of 
the  blood  :  instead,  therefore,  of  being 
cold-blooded  like  the  reptile,  the  tempe¬ 
rature  of  the  bird  is  higher  than  that  of 
any  other  animal ;  and,  instead  of  being 
sluggish  and  inert,  it  is,  of  all  creatures, 
the  most  quick  and  active.  It  will  be 
readily  conceived  that  the  apparatus  for  I 
the  circulation  must  be  essentially  dif¬ 
ferent  in  a  creature  which  possesses  a  re¬ 
spiration,  and  a  general  constitution  sol 
strikingly  contrasted  to  that  of  all  thel 


*  Bell’s  Anatomy,  vot.  i.  p.  475. 
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classes  below  it.  Accordingly,  in  the 
bird,  the  heart  is  no  longer  simple,  it  is 
highly  complicated — as  complicated  as 
it  is  in  the  mammalia  and  in  man :  it  is 
properly  double :  indeed,  there  is  no  phy¬ 
siological  difference  between  its  structure 
and  that  of  the  most  perfectly  organized 
animal :  it  has  some  peculiarities  which 
are  strictly  connected  with  the  peculi¬ 
arities  of  its  lungs,  but  these  will  be 
better  understood  when  we  treat  of  the 
apparatus  of  respiration.  As  we  have 
now  arrived  at  the  most  perfect  model 
of  the  heart,  and  as  its  structure  is  in 
strict  conformity  to  this  model  in  all  the 
ascending  scale,  instead  of  describing  it 
as  it  is  found  in  the  bird,  and  in  the 
mammalia,  we  shall  describe  it  as  it 
exists  in  man. 

In  man,  and  in  all  the  higher  animals, 
the  heart  is  double;  one  heart  is  for 
the  circulation  through  the  lungs,  the 
pulmonic :  the  other  for  the  circulation 
through  the  body,  the  systemic.  In 
(fig.  47)  is  given  a  plan  of  the  heart, 


Fig.  47. 

/ 


as  constructed  on  this  model,  and  for  the 
sake  of  making  the  arrangement  more 
intelligible,  the  two  hearts  are  repre¬ 


sented  in  this  figure  as  placed  at  some 
distance  from  each  other :  a,  a  represent 
the  vein :  it  is  now  convenient  to  give  this 
vein  a  name :  on  account  of  its  great  size 
in  man,  and  in  the  higher  animals,  it  is 
called  the  vena  cava.  There  are,  it  will 
be  seen,  two  veins,  one  above,  and  the 
other  below :  the  one  above  brings 
the  blood  from  the  head  and  the  su¬ 
perior  extremities ;  it  is  called  the  su¬ 
perior  vena  cava :  the  one  below  brings 
the  blood  from  all  the  lower  parts 
of  the  body :  it  is  named  the  inferior 
vena  cava.  The  two  vence  cavcc  meet 
at  b,  and  pour  their  blood  into  the  auri¬ 
cle  b,  which  must  now  be  distinguished 
by  the  term  right.  The  right  auricle  is 
partly  formed  by  the  dilatation  of  these 
veins ;  but  there  is,  also,  a  portion  of  it 
which  is  strong  and  muscular,  and  which 
is  commonly  described  as  forming  the 
proper  auricle.  The  right  auricle  opens 
into  c,  the  right  ventricle,  which  is 
larger  than  the  auricle,  and  possesses 
much  thicker  and  stronger  muscular 
walls.  From  the  right  ventricle  springs 
the  pulmonic  artery,  d,  which  divides 
into  two  large  branches,  one  of  w'hich 
goes  to  the  right  lung,  and  the  other  to 
the  left.  This,  then,  is  the  apparatus  for 
the  right  side  of  the  heart,  for  the  pul¬ 
monic  or  the  lesser  circulation  :  all  this 
part  of  the  apparatus  merely  performs  the 
office  of  conveying  the  blood  to  the  lung, 
in  order  that  it  may  be  aerated  or  reno¬ 
vated  in  that  organ.  The  capillary 
branches  of  the  pulmonary  artery,  after 
ramifying  through  the  lungs,  at  length 
unite  together,  and  form  four  veins,  two 
from  each  lung :  they  are  well  seen  in 
fig.  53,  and  are  marked  c,  c;  c,  c; 
these  are  called  the  pulmonary  veins. 
The  pulmonary  veins  transport  the  blood 
to  the  left  heart,  which  consists  of  exactly 
the  same  number  of  parts  as  the  right; 
namely,  of  these  veins,  which  are  repre¬ 
sented  in  Jig.  47  by  the  letter  e;  of  an 
auricle/;  a  ventricle  g ;  and  a  large 
artery  h  h.  The  left  auricle ,f,  receives 
the  blood  now  purified  from  the  lungs ; 
conveys  it  to  the  left  ventricle,  g,  which 
propels  it  into  the  great  artery,  h,  the  lat¬ 
ter  being,  as  we  now  know,  the  aorta  or 
the  systemic  artery.  In  this  case,  then, 
there  are  completed  two  perfect  circles, 
by  precisely  corresponding  instruments; 
one  of  these  circles,  the  pulmonic,  is 
through  the  lungs  ;  the  other,  the  aortic 
or  systemic,  is  through  the  body :  one  of 
these  circles  commences  in  the  capillary 
veins  of  the  body,  or  the  systemic  veins, 
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and  terminates  in  the  capillary  branches 
of  the  pulmonary  artery  in  the  lunps : 
the  other  circle  commences  in  the  capil¬ 
lary  branches  of  the  pulmonary  veins, 
and  terminates  in  the  capillary  branches 
of  the  aorta :  and  since  the  capillary 
branches  of  the  aorta  open  into  and 
unite  with  the  capillary  branches  of  the 
systemic  veins,  it  is  obvious  that  this 
double  course  forms  and  completes  one 
grand  circle. 

We  have  stated  that,  in  order  to  ren¬ 
der  this  description  more  intelligible,  we 
have  supposed  these  two  hearts  to  be 
placed  at  some  distance  from  each  other. 
Had  they  been  placed  in  opposite  sides 
of  the  chest,  it  is  clear  that  they  might 
have  carried  on  the  circulation :  but  im¬ 
portant  advantages  may  result  from  the 
union ;  important  advantages  must  re¬ 
sult  from  their  union,  and,  accordingly, 
they  are  united.  The  fibres  of  the  two 
hearts  intermix,  and  thus  mutually 
strengthen  each  other ;  and  both  are 
enclosed  in  one  and  the  same  mem¬ 
branous  capsule ;  namely,  the  pericar¬ 
dium  :  but  though  they  are  united,  and 
acquire  additional  power  by  their  union, 
yet  the  action  of  their  different  parts  is 
precisely  the  spme  as  they  would  have 
been  had  the  right  heart  been  placed  in 
one  part  of  the  body,  and  the  left  in 
another.  Thus  the  systemic  and  the 
pulmonic  veins,  the  right  and  the  left 
auricle,  the  right  and  the  left  ventricle, 
the  pulmonic  and  the  systemic  arteries, 
correspond  to  each  other  in  time  and 
action,  and  perform  their  appropriate 
function  in  the  most  perfect  and  beau¬ 
tiful  accord  and  harmony. 

Fig.  48  represents  the  plan  of  a 
heart,  constructed  on  this  united  and 
perfect  model,  and  exhibits  it  such  as  it 
actually  exists  in  the  human  subject. 
Thus,  a,  a,  represent  the  two  vena:  caves  ; 
b,  b,  the  right  and  left  auricles  ;  c,  c,  the 
right  and  left  ventricles  ;  c  e,  the  pul¬ 
monary  artery,  and  d,  d,  the  aorta.  The 
pulmonary  veins,  being  placed  behind, 
can  be  seen  only  in  a  posterior  view  of 
the  heart:  they  are  represented  in  Jig. 
53,  and  marked  by  the  letters,  c  c,  cc. 

In  man,  the  apparatus  of  respiration 
consists  of  the  lungs,  and  these  occupy 
the  cavity  of  the  chest  {fig.  75).  The 
chest  is  divided  into  two  portions,  a  right 
and  a  left  portion,  in  each  of  which  is 
placed  one  lung  {Jig.  75  b,  b)  ;  hence 
there  are  two  lungs,  a  right  and  a  left, 
which  have  no  communication  with  each 
other  except  by  vessels.  The  heart  is 


Double  Heart,  united,  a  a ,  She  two  vena;  cavse(sn- 
perior  and  inferior)  ;  b  b ,  the  two  auricles  (right 
and  left);  cr,  the  two  ventricles  (right  and  left); 
e  e,  the  pulmonary  artery,  with  its  division 
into  right  and  left  branches ;  d  d,  the  aorta. 

placed  in  the  left  side  of  the  chest,  in 
contact  with  the  left  lung,  towards  its 
middle  and  lower  part  {fig.  7 5,  a.)  Its 
direction  {fig.  49)  is  oblique:  its  broad 


Position  of  the  Heart,  showing;  its  oblique  direc¬ 
tion.  a  a,  the  venae  cavae,  distended;  ft,  points 
to  the  situation  of  the  basis  of  the  heart;  c,  apex 
of  the  heart ;  d .  the  aorta. 


part  or  oasis  is  placed  upwards,  back¬ 
wards,  and  to  the  right  side  :  its  apex  is 
placed  downwards,  proceeds  to  the  left, 
where  its  pulsation  may  be  felt,  corre¬ 
sponding  to  the  fifth  and  sixth  ribs. 

The  heart  is  held  in  its  situation  by  a 
membranous  bag  which  encloses  it,  and 
which  is  termed  the  pericardium.  This 
bag  is  attached  to  the  large  vessels  which 
spring  from  the  heart  a  little  above  its  I 
basis  (fig,  50):  but  no  opening  is  formedl 


Fig.  49. 
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a  a  ft  a,  margin  of  the  pericardium,  which  is  here 
represented  as  cut  open. 


m  the  pericardium,  for  Ihe  outlet  of  the 
vessels.  The  vessels  do  not  properly 
perforate  the  membrane  but  the  mem¬ 
brane  is  what  anatomists  call  reflected 
upon  them  :  that  is,  the  inner  layer  of 
the  pericardium  is  laid  upon  the  exter¬ 
nal  surface  of  the  vessels,  united  closely 
with  that  surface,  and  insensibly  lost 
upon  it.  This  arrangement  is  extremely 
curious  and  beautiful :  it  constitutes  the 
pericardium  a  closed  bag,  while,  at  the 
same  time,  it  allows  of  the  exit  of  these 
vessels. 

The  size  of  the  pericardium  is  always 
in  proportion  to  the  magnitude  of  the 
heart.  While  this  membranous  bag  fixes 
the  organ  firmly  in  its  situation,  it  is  as 
much  larger  than  the  heart  as  may  be 
necessary  to  admit  of  its  freest  action  ;  it 
sits  loosely  and  easily  about  it,  guarding 
its  substance  without  confining  its  move¬ 
ments:  it  contains  about  a  spoonful  or 
two  of  limpid  fluid,  just  sufficient  to  keep 
the  surface  of  the  heart  in  a  state  of  sup-, 
pleness  and  moisture.  The  action  of  the 
heart  is  essential  to  life,  and  must  be 
incessant ;  and,  therefore,  the  most  ex¬ 
treme  care  is  taken  to  afford  it  a  free 
space  to  act  in,  and  to  guard  that  space 
from  invasion. 

By  looking  at  fig.  5t,  it  will  be  seen 
that  the  right  auricle  (  ig.  51,  c)  is 
situated  at  the  basis  of  the  right  ven¬ 
tricle  :  it  is  here  partly  opened :  at  its 


Right  side  of  the  heart,  or  pulmonic  portion, 
ft,  superior  vena  eava:  ii,  inferior  vena  cava  ;  c. 
right  auricle,  opened;  g  g,  the  valve  occupying 
The  opening  leading  from  the  right  auricle  into 
d9  the  right  ventricle;  d  d,  the  cut  edges  of  the 
right  ventricle,  showing  the  thickness  of  its  mus¬ 
cular  wall;  e  e,  the  pulmonary  artery,  arising 
from  the  right  auricle,  and  dividing  into  two 
large  branches/,/,  which  go  to  the  right  and  left 
lung. 

upper  and  back  part  is  the  opening  of 
the  vena  cava  superior,  a,  which,  as  we 
have  seen,  returns  the  blood  from  the 
head,  neck,  and  upper  part  of  the  body  : 
opposite  to  it  is  the  opening  of  the  vena 
cava  inferior ,  b,  which  returns  the  blood 
from  all  the  lower  parts  of  the  body. 

From  the  right  auricle  a  large  open¬ 
ing  leads  into  the  right  ventricle,  termed 
the  auricular  orifice  of  the  ventricle : 
its  situation  is  marked,  and  is  occupied 
by  the  valve,  g,  g. 

The  right  ventricle  is  much  more  thick 
and  muscular  than  the  auricle ;  there 
is  spread  over  its  internal  surface  an 
irregular  net-work  of  fibres,  some  of 
which  are  marked  by  the  letters  l,  l,  l. 
Many  of  these  fibres  are  fixed  by  one 
extremity  to  the  sides  of  the  ventricle, 
while  the  others  terminate  in  tendinous 
threads  which  are  attached  to  the  mem¬ 
brane  forming  the  valve  g,  g,  placed 
around  the  auricular  orifice :  to  this 
membranous  valve  attention  will  be 
drawn  immediately. 

From  the  upper  and  left  side  of  the 
right  ventricle  springs  the  pulmonic 
artery  e,  e,  at  the  entrance  of  which  are 
placed  three  membranes  of  a  crescent  or 
semilunar  shape,  termed  the  three  semi¬ 
lunar  valves :  their  situation  is  marked 
by  the  letter  e.  and  their  form  is  weli 
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seen  in  fig.  52,  which  shows  two  of  the 
semilunar  valves  of  the  aorta  entire. 

The  structure  of  the  left  side  of  the 
heart  is  so  similar  to  that  of  the  right, 
and  the  action  resulting  from  that  struc¬ 
ture  so  analogous,  that  a  few  words  only 
will  be  necessary  to  complete  the  de¬ 
scription  of  the  circulatory  apparatus. 


a,  a,  two  of  the  semilunar  valves  of  the  aorta; 
b, the  third  divided  ;  c,  the  coronary  arteries. 


The  left  auricle,  the  external  figure  of 
which  is  best  seen  in  a  posterior  view  of 
it,  as  in  fig.  53,  b,  b,  is  furnished  in 
the  interior  with  muscular  fasciculi,  si¬ 
milar  to  those  of  the  right.  In  its  up¬ 
per  and  back  part  (fig.  54,/)  are  found 
four  openings,  which  are  the  mouths  of 
four  veins,  two  from  the  right,  and  two 


Fig.  53. 


Represents  a  posterior  view  of  the  Heart,  a, 
the  left  ventricle  ;  b  b.  the  left  auricle  ;  c  c  c  c 
the  four  pulmonary  veins  ;  d  d,  the  two  great 
branches  of  the  pulmonary  artery;  <\  the  aorta; 
q,  the  superior  vena  cava;  A,  the  interior  vena 
cava  ;  /.  branches  given  off  from  the  aorta. 


n  superior  vena  cava;  b,  inferior  vena  cava;  c,  right  auricle;  d,  right  ventricle;  l. 

’jh-  trunk  of  the  pulmonary  arterv  cut  off  and  removed,  in  order  that  the  other  parts 
shown  by  the  'figure  may  be  seen  distinctly ;  e  e,  point  to  the  direction  of  its  right  and 
left  branches:  f.  left  auricle,  pointing  to  the  opening  of  the  four  pulmonary  veins, 
two  from  the  right  and  two  from  the  left  lung ;  9,  the  valve  placed  at  the  open¬ 
ing  between  the  left  auricle  and  the  left  ventricle,  connected  by  tendinous  cords  with 
the  fleshy  columns  which  are  seen  arising  from  the  wall  of  the  ventricle  ;  A,  thick¬ 
ness  of  the  wall  of  the  ventricle  :  f,  commencement  of  the  aorta,  springing  from  the 
left  ventricle  ;  A,  the  arch  of  the  aorta,  with  the  great  branches  given  off  from  it. 

from  the  left  lung,  termed,  therefore,  Between  the  left  auricle  and  the  left 
rmlmonic :  these  veins  are  seen  in  fig.  ventricle  a  valve  is  placed,  correspond- 
53,  and  are  marked  c,  c,  c,  c,  '  ing  to  the  valve  on  the  right  side  (fig 
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54,^.)  The  parietes  of  the  left  ven¬ 
tricle  are  nearly  as  thick  again  as  those 
of  the  right  (fig.  54,  h.)  From  its  upper 
and  back  part  springs  the  great  artery 
which  conveys  the  blood  to  every  part  of 
the  body,  the  aorta  (fig.  54,  k.)  Around 
the  commencement  of  the  aorta  are 


placed  three  semilunar  valves  (fig.  55, 
b,b,  b ),  similar  to  those  at  the  mouth  of 
the  pulmonary  artery. 

The  heart  itself  is  composed  of  four 
distinct  tissues  :  first,  of  a  layer  of  the 
pericardium,  which,  being  reflected, 
forms  its  external  surface  •  secondly,  of 


Reoresents  the  aorta  slit  open  towards  its  arch,  a,  in  order  to  show 
entire  the  three  similunar  valves,  b  b  b,  placed  at  its  mouth  ; 
c  c,  the  coronary  arteries. 

a  fine  transparent  membrane,  which 
lines  the  whole  of  its  internal  surface ; 
thirdly,  of  muscular  substance,  which 
is  included  between  these  two  mem¬ 
branes  ;  and,  fourthly,  of  cellular  tissue, 
which  surrounds  and  invests  the  mus¬ 
cular  fibres  ;  and  which,  on  account  of 
the  elasticity  which,  it  has  already  been 
shown,  is  the  distinctive  property  of  this 
tissue,  is  absolutely  essential  to  the 
action  of  the  organ.  Though  the  cel¬ 
lular  tissue,  as  it  is  mixed  up  with  the 
muscular  fibre  of  the  heart,  is  extremely 
delicate,  yet  it  endows  the  heart  with 
such  an  eminent  degree  of  elasticity, 
that  if  a  portion  of  the  ventricle  be  eut 
and  stretched,  it  regains  its  original 
bulk  and  figure  the  instant  the  distend¬ 
ing  power  is  removed.  The  necessity 
and  the  beauty  of  this  structure  will 
abundantly  appear  when  we  treat  of  the 
heart’s  action. 

Such  is  the  structure  of  the  apparatus 
for  the  circulation* ;  but  it  is  still  neces¬ 


•  Those  who  wish  for  a  more  detailed  account  of 
the  structure  of  tfc&  apparatus  than  it  was  possible 
to  give  in  this  place,  are  referred  to  the  valuable 
work  of  Messrs.  John  and  Charles  Bell,  on  the  Ana¬ 
tomy  and  Physiology  of  the  Human  Body,  from 


sary  to  add  a  few  words  relative  to  the 
structure  and  distribution  of  the  vessels 
which  carry  out  and  return  the  blood, 
before  the  function  can  be  understood. 

The  vessels  which  are  essential  to  the 
apparatus  of  the  circulation,  consist  of 
three  distinct  orders,  namely, — 1.  the 
arteries;  2.  the  veins  ;  and  3.  the  lym¬ 
phatics.  The  different  function  per¬ 
formed  by  the  arteries  and  the  veins 
has  already  been  stated  ;  the  lymphatics, 
which  may  be  considered  as  appendages 
to  the  veins,  although  they  do  not.  con¬ 
vey  blood,  hut  chyle  and  lymph,  are  an 
essential  part  of  the  circulating  system, 
because  they  transport  to  the  former 
vessels  the  fluids  which  supply  them, 
and  they  communicate  directly  with 
both  orders,  obviously  with  the  veins, 
and  so  readily  even  with  the  arteries, 
that  injections  will  pass  from  the  arteries 
into  the  lymphatics. 

Arteries  and  veins  possess  three  coats, 
the  lymphatics  only  two.  Of  these  the 
external  is  called  the  cellular  coat.  It 
consists  of  small  whitish  fibres  which  are 


which  several  of  the  figures  illustrating  this  Trea¬ 
tise  have  been  taken,  viz.  figs.  47. 4<-  ,iO  50,  fire. 
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very  dense  and  tough,  and  which  inter¬ 
lace  together  in  every  direction.  It  is 
proportion  ably  thicker  in  the  larger  than 
in  the  smaller  arteries,  and  it  gives  to  the 
vessel  its  chief  strength.  Its  most  im¬ 
portant  property  is  its  elasticity,  with 
which  it  is  endowed  in  a  very  high  de¬ 
gree.  The  second  is  termed  the  middle 
or  the  fibrous  coat.  It  consists  of  fibres 
of  a  yellowish  colour,  which  pass  in  a 
circular  direction  around  the  calibre  of 
the  artery,  forming  not  complete  circles, 
but  segments,  which,  uniting,  produce 
rings.  These  fibres  are  disposed  in 
several  successive  layers,  which  can  be 
readily  peeled  off  one  after  the  other, 
and  which  form  altogether  a  pretty  thick 
tunic.  It  is  thicker  in  the  small  branches 
than  in  the  large  trunks,  the  reverse  of 
what  is  found  in  the  cellular  coat. 
While  it  is  firm  and  elastic  it  is  ex¬ 
tremely  brittle ;  but  by  far  its  most 
important  property  is  its  contractility, 
with  which  vital  property  it  is  eminently 
endowed,  and  the  exercise  of  which  is 
essential  to  the  function  of  the  vessel. 
Since  in  man  and  the  higher  animals 
the  property  of  contractility  is  con¬ 
fined  to  the  muscular  fibre,  this  fibrous 
coat  has  been  supposed  to  be  of  a 
muscular  nature  ;  but  it  is  so  different 
in  its  aspect  from  the  muscular  fibre., 
that  its  muscularity  has  been  vehemently 
denied  by  some  of  the  most  distinguished 
anatomists  and  physiologists :  it  may 
be,  however,  and  it  probably  is,  a  modi¬ 
fication  of  the  muscular  fibre.  'lhe 
third  or  internal  coat  consists  of  thin, 
dense,  whitish,  and  almost  transparent 
fibres,  which  are  smooth  and  polished 
in  their  aspect ;  and  the  whole  surface 
nf  the  tunic  is  moistened  with  a  thin  and 
somewhat  unctuous  fluid.  In  many 
parts  the  membrane  is  formed  into  folds 
of  a  semilunar  shape,  which  are  termed 
valves,  and  which  are  disposed  in  such 
a  manner,  that  they  allow  a  free  passage 
to  the  blood  in  the  course  required  by 
the  circulation,  but  effectually  prevent 
the  retrograde  direction  of  the  current. 
This  tunic,  though  thin,  is  so  firm  and 
strong,  that  after  the  other  coats  have 
been  entirely  removed  in  a  living  animal, 
it  is  capable  of  resisting  the  impetus  of 
the  blood,  and  of  preventing  the  dilata¬ 
tion  ot  the  artery ;  it  is  smooth  and 
p ‘fished,  to  afford  as  little  friction  as 
possible  to  the  blood,  and  firm  and 
strong,  to  prevent  its  escape. 

All  these  vessels  are  themselves  abun¬ 
dantly  supplied  with  vessels  termed  the 
vasa  vasorum ,  by  which  they  arc 


nourished,  and  which  are  essential  to 
their  life  and  action.  Each  individual 
part  of  an  artery  is  furnished  with  its 
own  appropriate  vessels,  and  when  it  is 
necessary  in  surgical  operations  to  tie 
the  trunk  of  an  artery,  it  is  found  that 
the  utmost  care  must  be  taken  to  dis¬ 
turb  it  as  little  as  possible,  exposing 
just  as  much  of  it  as  is  absolutely  re¬ 
quired  for  the  application  of  the  ligature ; 
for  if  it  be  detached  from  its  situation  to 
any  extent,  its  natural  vessels  arc  rup¬ 
tured,  and  so  its  supply  of  nourishment 
is  cut  off,  whence  it  becomes  diseased, 
and  ultimately  dies,  or  in  surgical  lan¬ 
guage  it  ulcerates  and  sloughs,  and  the 
consequence  often  is  fatal  haemorrhage. 

In  like  manner  all  these  vessels  are 
abundantly  supplied  with  nerves,  which, 
in  the  artery,  appear  to  be  distributed 
principally  to  the  fibrous  coat,  and  to 
endow  it  with  a  peculiar  sensibility — a 
sensibility  which  causes  it  to  receive  a 
peculiar  impression  on  the  contact  of 
the  blood — an  impression  which  excites 
it  to  contraction,  the  blood  thus  form¬ 
ing  its  appropriate  stimulus. 

From  what  has  been  said  of  the 
vascular  system,  it  is  evident  that  the 
vessels  which  compose  it  are  highly 
important  organs;  that  no  injury  can 
be  inflicted  on  them  without  producing 
serious  mischief,  and  that  any  consider¬ 
able  violence  applied  to  them  must 
necessarily  be  attended  with  a  fatal  re¬ 
sult.  On  this  account  the  greatest  pos¬ 
sible  care  has  been  taken  to  protect 
them,  by  placing  them  in  situations  in 
which  external  force  can  scarcely  reach 
them.  These  great  trunks  are  uniformly 
situated  in  the  cavities  of  the  body,  or 
are  embedded  deep  in  the  substance  of 
the  limbs:  they  pursue  their  course  in 
the  neighbourhood  of  the  bones,  and 
under  their  shelter ;  often  in  grooves 
excavated  in  the  bones,  on  purpose  to 
receive  and  secure  them.  Whenever 
they  approach  the  surface,  they  divide 
into  small  branches,  and  this  division 
goes  on  diminishing  the  calibre  of  the 
vessels,  until  when  actually  at  the  sur¬ 
face  they  are  exceedingly  minute.  A 
wound  in  an  artery  being  much  more 
dangerous  than  a  wound  in  a  vein,  on 
account  of  lhe  greater  impetus  with 
which  the  blood  is  propelled  through 
the  former,  the  artery  always  lies  deeper 
than  the  vein,  and  is  more  embedded  in 
soft  and  elastic  substances,  and  more 
concealed  in  channels  formed  in  the 
bones,  or  protected  by  stout  parapets 
thrown  up  on  each  side  of  it. 
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As  it  is  indispensable  to  the  mainte¬ 
nance  of  health,  and  often  to  the  preser¬ 
vation  of  life,  that  every  organ  should 
receive  a  due  supply  of  blood,  two  expe¬ 
dients  are  adopted  to  guard  against  an 
interruption  to  the  circulation  in  any  part. 
In  the  first  place,  every  organ  receives  a 
supply  from  more  than  one  source,  and 
by  more  than  one  arterial  trunk  ;  all  the 
important  organs  form  several :  the 
brain,  for  example,  receives  four  exceed¬ 
ingly  large  trunks  from  four  distinct  and 
independent  sources  ;  and  in  the  second 
place,  all  the  branches  unite  together 
so  intimately,  that  if  the  blood  find 
the  slightest  check  in  one  branch,  it 
instantly  finds  an  open  channel  in  ano¬ 
ther.  Perhaps  in  the  whole  compass  of 
animated  nature  no  sight  is  more  beau¬ 
tiful  than  the  inspection  of  the  transpa¬ 
rent  part  of  a  living  animal  by  means  of 
a  microscope :  the  intersection  and  min¬ 
gling  of  the  different  vascular  branches, 
through  ail  of  which  the  particles  of  the 
blood  find  the  readiest  conceivable  ac¬ 
cess,  forms  not  only  a  most  curious 
but  most  wonderful  object.  This  union, 
or,  as  anatomists  term  it,  inosculation 
of  vessels,  is  capable  of  being  increased 
to  an  astonishing  extent  in  particular 
states  of  the  system.  If,  from  any  cause, 
a  large  branch  of  an  artery  be  obstructed, 
the  other  branches  which  it  gives  off 
are  capable  of  enlarging  sufficiently  to 
carry  on  the  circulation  without  impedi¬ 
ment  ;  and  even  if  the  main  trunk  be 
obliterated,  the  collateral  branches  will 
perform  its  function  so  perfectly  as  to 
prevent  the  system  from  sustaining  any 
material'  injury.  Guided  by  the  know¬ 
ledge  of  this  principle,  modern  surgeons 
daily  undertake  operations,  the  idea  of 
which  would  have  filled  with  terror  the 
surgeons  of  former  days.  Trunks  of 
arteries  are  taken  up  of  amazing  size, 
and  in  situations  where  one  would  have 
thought  it  must  be  certain  death  for 
the  needle  of  the  surgeon  to  penetrate. 
If  the  reader  will  cast  his  eye  on  any 
map  of  the  arteries,  he  will  be  struck 
with  the  force  of  this  observation,  when 
it  is  stated  that  these  splendid  aehieve- 
menis  of  modern  surgery  were  accom¬ 
plished  in  the  following  order: — First, 
the  operator  ventured  to  take  up  the 
femoral  artery  ;  then  the  external  iliac  ; 
then  the  subclavian  artery  below  the 
clavicle ;  then  the  common  carotid ; 
then  the  subclavian  artery  above  the 
clavicle  ;  then  the  internal  iliac  ;  then 
the  arteria  innominata:  and  lastly, 
even  the  abdominal  aorta  itself.  By 


these  difficult  and  stupendous  opera¬ 
tions,  diseases  which  appear  to  be  far 
beyond  the  reach  of  all  human  aid,  and 
which  without  aid  proceed  with  a  sure 
and  rapid  pace  to  a  fatal  termination, 
are  arrested. 

Course  of  the  Blood  in  Man. 

The  blood  is  returned  from  all  parts 
of  the  body  into  the  right  auricle  by  the 
superior  and  inferior  vena  cava.  From 
the  right  auricle  it  is  propelled  into  the 
right  ventricle.  From  the  right  ven¬ 
tricle  it  is  conveyed  by  the  pulmonic 
artery  into  the  lungs.  From  the  lungs 
it  is  returned  by  the  four  pulmonic 
veins  into  the  left  auricle.  From  the 
left  auricle  it  is  propelled  into  the  left 
ventricle,  and  thence  it  is  conveyed  to 
every  part  of  the  body  by  means  of  the 
aorta. 

But  in  pursuing  this  course  there  is 
an  obvious  difficulty.  When  the  blood 
is  propelled  onwards  by  the  contraction 
of  the  heart,  why  docs  not  the  force  that 
moves  it  oause  it  to  flow  backwards  as 
well  as  forwards  ?  When,  for  example, 
the  right  ventricle  contracts,  why  is  not 
the  blood  propelled  backwards  into  the 
right  auricle  as  well  as  forwards  into  the 
pulmonary  artery  ?  When  the  ventricle 
contracts,  it's  necessary  tendency  must 
be  not  only  to  force  the  blood  into  the 
artery  which  the  course  of  the  circu¬ 
lation  requires  should  receive  it,  but 
also  into  the  auricle  from  which  it  has 
been  just  transmitted.  There  is  no  other 
possible  means  of  obviating  this  fatal 
impediment  to  the  circulation  than  that 
of  placing  a  valve  between  the  artery  and 
vein.  Accordingly  a  valve  is  placed 
there  (fig.  55.  b,  b,  b).  The  action  of  the 
valve  is  as  follows : — As  long  as  the 
b'ood  proceeds  in  its  proper  course,  it 
presses  the  valve  close  to  the  side  of 


Represents  the  valve  placed  between  the  right 
auricle  and  the  right  ventricle,  the  auricle  and 
ventricle  being  supposed  to  be  cut  open,  and  the 
valve  hanging  in  three  great  divisions;  a,  part 
of  the  inside  of  the  auricle;  b.  part  of  the  ins  de 
of  the  ventricle  ;  c  c  c.  the  column®  carneae;  d 
d,  the  cord*  tendineao ;  e  c  e,  the  three  great 
divisions  of  the  valve. 
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the  heart ;  and,  consequently,  prevents 
the  valve  from  occasioning  any  impedi¬ 
ment  to  the  circulation.  On  the  con¬ 
trary,  the  moment  the  blood  begins  to 
flow  backwards  into  the  ventricle,  it 
insinuates  itself  between  the  wall  of  the 
ventricle  and  the  valve;  forces  up  the 
valve  from  the  side  of  the  ventricle ; 
causes  it  to  occupy  the  passage  between 
the  ventricle  and  the  auricle  ;  and  thus 
completely  shuts  up  the  channel.  How 
effectually  it  does  this  is  well  seen  in 
fig.b7,a,  which  represents  the  figure 


Represents  the  figure  which  the  three  semilunar 
valves,  placed  at  the  mouth  of  the  aorta,  assume 
when  distended  by  the  refluent  blood. 

assumed  by  the  three  semilunar  valves, 
placed  around  the  mouth  of  the  aorta, 
when  Ihey  become  distended  by  the  re¬ 
fluent  blood.  As  is  clearly  seen  in  this 
figure,  they  so  completely  shut  up  the 
passage  that  not  a  particle  of  fluid  can 
pass  backwards  into  the  ventricle. 

There  is  a  further  contrivance  adopted, 
and  one  which  the  mind  cannot  con¬ 
template  without  admiration,  in  order 
to  render  the  action  of  the  valve,  placed 
between  the  auricle  and  ventricle,  per¬ 
fect.  Were  the  membrane,  which  is 
placed  in  this  situation,  loose,  it  is  ob¬ 
vious  that  the  refluent  blood  would 
carry  it  back  into  the  auricle,  and  thus 
effectually  prevent  its  action  as  a  valve. 
But  it  has  been  stated  that  the  fleshy 
columns,  which  are  placed  in  the  wall 
of  the  ventricle,  (  fig.  56,  c,  c,  c,)  give  off 
numerous  tendinous  threads,  d,  d,  which 
are  attached  by  one  extremity  to  these 
fleshy  columns,  and  by  the  other  to  the 


loose  edge  of  the  valve,  e,  e,  e.  These 
tendinous  threads,  like  so  many  strings, 
tie  down  the  valve  to  its  proper  situa¬ 
tion;  and  being  thus  secured,  the  mem¬ 
brane  is  not  only  prevented  from  being 
carried  by  the  impetus  of  the  refluent 
blood  too  far  into  the  auricle,  but  that 
very  impetus  is  the  means  of  giving  it  the 
distension  and  figure  that  are  required. 
But  the  perfection  and  beauty  of  the 
mechanism  do  not  stop  even  here.  It 
has  been  stated  that  each  of  these 
fleshy  columns  may  be  considered  as  a 
distinct  muscle :  each  is  endowed  with 
the  peculiar  property  of  the  muscular 
fibre,  that  of  contractility :  each  is  excited 
to  contraction  by  the  contact  of  the 
blood  just  as  the  ventricle  itself:  each, 
therefore,  by  contraction  shortens  all 
the  teridinous  threads  attached  to  it 
just  at  the  moment  that  these  strings 
require  to  be  tightened  ;  and  they  further 
tighten  them  in  the  precise  proportion 
required :  for  the  distension  of  the  mem¬ 
brane  by  the  refluent  blood  stretches 
these  tendinous  threads,  and  the  stretch¬ 
ing  of  the  tendinous  threads  stretches 
the  fleshy  columns :  the  fleshy  columns 
are  thus  still  further  irritated,  excited, 
stimulated :  the  consequence  of  this 
increased  excitation  is  proportionally 
increased  contraction,  and  the  ultimate 
result,  increased  security  that  the  valve 
will  be  held  in  the  precise  position  that 
is  required,  with  exactly  the  degree  of 
strength  that  is  wanted.  Thus  there 
is  accomplished  here  the  construction 
of  a  valve,  which  is  not  only  most  per¬ 
fect  in  itself,  but  which  is  endued 
with  a  property  to  which  no  other 
mechanism  affords  any  parallel,  a 
valve  capable  of  generating  a  power 
that  enables  it  to  act  with  additional 
force  whenever  additional  force  is  requi¬ 
site.  Among  the  countless  instances  of 
wise  and  beneficent  adjustment  familiar 
to  the  student  of  nature,  there  is  com¬ 
monly  some  one  upon  which  his  mind 
rests  with  peculiar  satisfaction ;  some 
one  to  which  it  finds  itself  constantly 
recurring  as  affording  the  proof,  which 
cannot  be  resisted,  of  the  operation  of 
an  intelligence  that  has  foreseen  and 
planned  an  end,  and  provided  for  its 
accomplishment  by  the  most  perfect 
means:  and  surely  there  is  nothing  more 
worthy  to  become  one  such  resting-place 
to  the  philosophical  mind  than  the  struc¬ 
ture  and  action  of  the  valves  of  the  heart. 

Valves  are  placed  between  the  right 
auricle  and  ventricle  ;  at  the  mouth  of 
the  pulmonary  artery,  between  the  left 
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auricle  and  ventricle,  and  at  the  mouth 
of  the  aorta. 

Quantity  of  Circulating  Blood  in  Man. 

Each  cavity  of  the  heart  may  contain 
from  two  to  three  ounces  of  blood.  The 
heart  contracts  four  thousand  times  in 
one  hour :  therefore,  there  passes 
through  the  heart,  every  hour,  eight 
thousand  ounces,  or  seven  hundred 
pounds  of  blood.  The  whole  mass  of 
blood  in  an  adult  man  is  about  twenty- 
five  or  thirty  pounds,  so  that  a  quantity 
of  blood  equal  to  the  whole  mass  passes 
through  the  heart  twenty-eight  times 
in  an  hour,  which  is  about  once  every 
two  minutes.  What  an  affair  must  this 
be  in  very  large  animals!  It  has  been 
said,  and  with  truth,  that  the  aorta  of  a 
whale  is  larger  in  the  bore  than  the  main 
pipe  of  the  waterworks  at  London 
Bridge,  and  that  the  water  roaring  in 
its  passage  through  the  pipe  is  inferior 
in  impetus  and  velocity  to  the  blood 
gushing  from  a  whale's  heart.  Dr.  Hun¬ 
ter,  in  his  account  of  the  dissection  of  a 
whale,  states  that  the  aorta  measured  a 
foot  in  diameter,  and  that  ten  or  fifteen 
gallons  of  blood  are  thrown  out  of  the 
heart  at  a  stroke  with  an  immense  velo¬ 
city,  through  a  tube  of  a  foot  diameter. 

It  has  been  well  observed,  that  we 
cannot  be  sufficiently  grateful  that  all 
our  vital  motions  are  involuntary, 
and  independent  of  our  care.  We 
should  have  enough  to  do  had  we  to 
keep  our  hearts  beating  and  our  sto¬ 
machs  at  work.  Did  these  things 
depend,  not  to  say  upon  our  effort,  but 
even  upon  our  bidding,  upon  our  care 
and  attention,  they  would  leave  us  lei¬ 
sure  for  nothing  else.  Constantly  must 
we  have  been  upon  the  watch,  and  con¬ 
stantly  in  fear :  night  and  day  our 
thoughts  must  have  been  devoted  to  this 
one  object ;  for  the  cessation  of  the  ac¬ 
tion,  even  for  a  few  seconds,  would  be 
fatal:  such  a  constitution  would  have 
been  incompatible  with  repose. 

The  wisdom  of  the  Creator,  says  a 
distinguished  anatomist,  is  in  nothing 
seen  more  gloriously  than  in  the  heart. 
And  how  well  does  it  perform  its  office ! 
An  anatomist  who  understood  its  struc¬ 
ture  might  say  beforehand  that  it 
would  play  ;  but  from  the  complexity 
of  its  mechanism  and  the  delicacy  of 
many  of  its  parts,  he  must  be  appre¬ 
hensive  that  it  would  always  be  lia¬ 
ble  to  derangement,  and  that  it  would 
soon  work  itself  out.  Yet  does  this 
wonderful  machine  go  on,  night  and 


day  for  eighty  years  together,  at  the  rate 
of  a  hundred  thousand  strokes  eveiy 
twenty-four  hours,  having  at  every 
stroke  a  great  resistance  to  overcome, 
and  it  continues  this  action  for  this 
length  of  time  without  disorder,  and 
without  weariness. 

That  it  should  continue  this  action  for 
this  length  of  time  without  disorder  is 
wonderful ;  that  it  should  be  capable  of 
continuing  it  without  weariness  is  still 
more  astonishing.  Never,  for  a  single 
moment  night  or  day,  does  it  intermit 
its  labour,  neither  through  our  waking 
nor  our  sleeping  hours.  On  it  goes, 
without  intermission,  at  the  rate  of  a 
hundred  thousand  strokes  every  twenty- 
four  hours,  yet  it  never  feels  fatigued,  it 
never  seems  exhausted.  Rest  would 
have  been  incompatible  with  its  func¬ 
tions.  While  it  slept  the  whole  ma¬ 
chinery  must  have  stopped,  and  the  ani¬ 
mal  inevitably  perish.  It  was  necessary 
that  it  should  be  made  capable  of  work¬ 
ing  for  ever  without  the  cessation  of  a 
moment,  without  the  least  degree  of 
weariness.  It  is  so  made,  and  the  power 
of  the  Creator  in  so  constructing  it  can 
in  nothing  be  exceeded  but  his  wisdom. 

Proofs  of  the  Circulation. 

That  the  course  of  the  blood  is  such 
as  has  now  been  described,  is  demon¬ 
strated,  first,  by  the  structure  and  dis¬ 
position  of  the  valves  of  the  heart.  The 
valves  placed  at  the  two  auricular  aper¬ 
tures  are  so  situated  as  to  prevent  the 
contents  of  the  ventricles  from  returning 
into  the  auricles,  while  the  contents  of 
the  auricles  are  allowed  a  free  passage 
into  the  ventricles :  at  the  same  time  the 
valves  placed  at  the  mouths  of  the  pul¬ 
monary  artery  and  the  aorta  allow  the 
contents  of  the  ventricles  to  pass  into 
the  arteries,  but  prevent  the  contents  of 
the  arteries  from  returning  into  the  ven¬ 
tricles.  And  the  countless  valves  which 
crowd  the  venous  system  are  all  so  ar¬ 
ranged  as  to  permit  and  assist  the  pas¬ 
sage  of  the  blood  from  the  arteries 
through  the  veins,  while  they  effectually 
resist  its  return  from  the  veins  through 
the  arteries.  Secondly,  it  is  still  more 
certainly  proved  by  the  effect  of  ligatures. 
When  a  ligature  is  thrown  around  a  vein 
the  blood  accumulates  in  that  portion 
of  it  which  is  most  distant  from  the 
heart,  while  the  portion  which  lies  be¬ 
tween  the  ligature  and  the  heart  conti¬ 
nues  to  carry  forward  its  contents,  and 
soon  becomes  empty.  When,  on  the 
contrary,  an  artery  is  subjected  to  a 
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similar  experiment  the  reverse  occurs. 
That  portion  of  the  artery  which  lies 
between  the  ligature  and  the  heart  be¬ 
comes  full  and  swollen,  while  the  other 
parts  become  flaccid,  proving  clearly  that 
the  contents  of  these  two  vessels  move 
in  opposite  directions,  and  that  the 
natm-al  current  of  the  blood  is  from  the 
heart  to  the  artery,  from  the  artery  to 
the  vein,  and  from  the  vein  to  the  heart. 
Finally  if  the  web  of  a  frog’s  foot  be  ex¬ 
amined  through  a  microscope,  the  blood 
may  be  seen  pursuing  the  course  now 
described.  The  minute  particles  of  which 
it  consists  are  observed  to  flow  in  innu¬ 
merable  streams,  the  streams  constantly 
intersecting  each  other,  and  occupying 
every  point  of  space  within  the  view.  It 
is  a  sight  which  no  man  who  has  once 
seen  can  ever  forget ;  and  he  who  has 
not  seen  it,  has  not  beheld  one  of  the 
most  curious,  and  wonderful,  and  beau¬ 
tiful  objects  which  animated  nature 
presents. 

Course  of  the  Blood  in  the  Foetus. 

The  preceding  account  relates  entirely 
to  the  course  of  the  circulation  in  the 
adult :  it  is  a  highly  curious  and  inte¬ 
resting  fact,  that,  in  the  unborn  child,  it 
is  materially  different.  Since  respiration 
is  not  only  incompatible  with  foetal  life, 
but  since  the  blood  of  the  foetus,  or  un¬ 
born  child,  comes  to  it  sufficiently  puri¬ 
fied  from  the  system  of  its  mother,  its 
lungs  neither  can,  nor  are  required,  to 
exert  any  influence  upon  its  blood.  To 
circulate  all  this  fluid  through  these 
organs,  while  in  this  quiescent  state, 
would  only  complicate  the  function, 
without  rendering  it  more  perfect.  So 
much  only  is,  therefore,  sent  to  them  as 
is  necessary  for  their  nourishment,  and 
the  rest  is,  by  a  beautiful  but  simple  con¬ 
trivance,  passed  onward  to  the  system 
from  the  right  to  the  left  side  of  the 
heart,  with  the  least  possible  loss  of 
purity,  or  waste  of  time.  To  effect  this, 
a  heart,  which  is  actually  double,  and 
ultimately  intended  for  a  double  circu¬ 
lation,  is  converted  for  a  time  into  a 
single  organ ;  and,  strange  as  the  asser¬ 
tion  may  at  first  appear,  man,  when 
viewed  in  different  periods  of  his  exist¬ 
ence,  may  be  regarded  as  both  a  cold  and 
a  hot  blooded  animal.  The  right  au¬ 
ricle  is  made  to  communicate  freely  with 
the  left,  by  means  of  an  oval  aperture, 
placed  in  the  centre  of  the  partition 
which  divides  them  (fig.  58) ;  and  t  he  blood 
of  the  right  ventricle  is  made  to  mingle 
directly  with  that  of  the  left,  by  a  com 


Represents  the  heart  of  the  feetus;  a, the  inferior  vena 
caya  :  6,  the  superior  vena  cava  ;  d,  the  margin 
of  the  right  auricle  which  is  here  seen  opened  ; 
e.  the  foramen  ovale,  or  the  oval  aperture,  situ 
ated  in  the  partition  which  separates  the  right 
from  the  left  auricle. 

municating  vessel,  termed  the  ductus 
arteriosus,  or  the  arterial  duct,  which 
is  placed  between  the  pulmonary  ar¬ 
tery  and  the  aorta  (fig.  60.)  The  oval 
hole  is  guarded  by  a  valve  (fig.  59,  e), 
which,  being  placed  within  the  left 
auricle,  allows  the  passage  of  blood  from 
the  right  to  the  left  auricle  only ;  and 
runs  so  obliquely  between  the  pulmo¬ 
nary  artery  and  aorta  that,  while  the 
contents  of  the  former  vessel  are  en¬ 
couraged  into  the  latter,  those  of  the 
latter  vessel  can  never  retrograde  into 
the  former.  By  means  of  the  com¬ 
municating  aperture,  a  great  portion  of 
the  blood,  which  enters  the  right,  is 


Represents  the  heart  of  the  foetus,  with  all  the  parts 
cut  away  excepting  the  ventricles  and  the  parti¬ 
tion  between  the  auricles ;  a,  the  ventricles  ;  b. 
the  vena  cava,  with  a  blow-pipe  in  it ;  c,  the  wail 
or  partition  between  the  auricles;  g>  the  musculi 
pectinati,  or  the  muscular  fibres  of  the  auricle; 
d,  d,  d>  margin  of  the  foramen  ovale  ;  e,  the  valve 
of  the  foramen  ovale;  /,  a  small  opening  always 
seen  at  the  upper  part  of  the  valve. 
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Sketch  of  a  preparation  made  to  show  the  ductus  arte¬ 
riosus;  the  ventrieles  ;  h,  the  place  from  winch 
the  two  auricles  are  cut  away,  in  order  that  they 
may  be  seen  distinctly  ;  d.  the  pulmonary  ar¬ 
tery,  arising  from  the  right  ventricle  ;  e,  e,  the 
right  and  left  branches  of  the  pulmonary  artery 
going  to  the  right  and  left  lungs ;  /,  the  ductus 
arteriosus,  or  the  arterial  duct  parsing  directly 
from  the  pulmonary  artery  to  r,  the  aorta  ;  7, 
the  aorta  increased  in  size  by  the  addition  of  the 
arterial  duct. 

passed  immediately  into  the  left  auricle, 
in  place  of  being  previously  journeyed 
through  the  right  ventricle,  pulmonary 
artery,  and  lungs ;  and  by  means  of 
the  communicating  vessel  (the  arterial 
duct)  a  great  portion  of  the  blood,  which 
had  not  previously  passed  through  the 
oval  hole  into  the  left  auricle,  but 
through  the  auricular  foramen  into  the 
right  ventricle,  is  sent  directly  to  the 
arch  of  the  aorta,  to  meet  and  mingle 
with  the  rising  current  as  it  issues  from 
the  left  side  of  the  heart.  The  right  and 
left  auricles  are  thus,  as  it  were,  thrown 
into  one  common  cavity,  by  the  inter¬ 
vention  of  the  oval  hole  ;  by  means  of 
the  arterial  duct,  the  right  and  left  ven¬ 
tricles  unite  in  propelling  at  the  same 
moment  into  the  aorta  the  blood  which 
they  contain  ;  and  the  right  auricle,  and 
ventricle  are  made  subservient  to  the  left 
auricle  and  ventricle,  instead  of  being 
supernumerary  apartments  in  a  double 
heart,  conducting  a  single  circulation. 

The  peculiarities  of  the  foetal  circula¬ 
tion,  it  is  hoped,  may  now  be  understood. 
The  blood,  which  is  sent  from  the  pla¬ 
centa  to  the  child,  arrives  at  the  right  side 
of  the  heart,  and  is  admitted  into  t  he  right 
auricle.  When  the  auricle  becomes  full, 
it  contracts,  part  of  the  blood  which  it 
contains  enters  the  right  ventricle  by  the 
ordinary  way,  and  part  passes  through 
the  oval  hole  between  the  right  and  left 
auricles  into  the  left  side  of  the  heart 


That  portion  which  passed  immediately 
into  the  left  side  of  the  heart  through 
the  oval  hole  is  sent  out  directly  by  the 
left  ventricle  into  the  aorta,  to  be  distri¬ 
buted  throughout  the  body;  and  that 
portion  which  entered  the  right  ventricle 
is  sent  on  towards  the  lungs,  through  the 
pulmonary  artery,  but,  by  entering  the 
connecting  branch  which  runs  between 
this  artery  and  the  aorta  (the  arterial 
duct),  the  greater  part  of  t’his  second 
portion  likewise  escapes  into  the  aorta, 
thus  leaving  only  a  fraction  of  the  blood 
which  had  at  first  entered  the  ri^ht  au¬ 
ricle  to  continue  its  ordinary  journey  to 
the  lungs.  After  the  blood  has  reached 
the  aorta,  it  follows  the  usual  route  in  its 
course  along  the  body,  but,  in  place  of 
immediately  returning  to  the  right  au¬ 
ricle,  as  in  the  circulation  of  the  aduil, 
it  passes  out  of  the  body  through  the 
navel  of  the  child  by  two  vessels  in  the 
navel  string,  or  umbilical  cord,  goes  back 
to  the  placenta,  and  then  returns  by 
a  single  vein  along  the  cord  to  the  foetal 
heart,  renovated  and  prepared  for  ano¬ 
ther  circulation. 

As  soon  as  the  child  is  born,  how¬ 
ever,  this  modified  circulation  ceases. 
At  this  period  two  important  changes 
occur — the  connexion  which  had  sub¬ 
sisted  between  the  maternal  and  the  foetal 
systems  is  dissolved,  and  the  lungs  of 
the  child  begin  to  act.  In  virtue  of  the 
first  change,  no  more  blood  can  be  re¬ 
ceived  from  the  mother  :  in  consequence 
of  the  second,  the  blood  of  the  child  must 
commence  a  double  circulation.  The 
first  change  will  occasion  less  blood  to 
be  received  into  the  right  auricle,  and 
the  admission  of  more  blood  into  the 
left  will  result  from  the  second  change. 
The  relations  of  the  foetal  circulation  are 
thus  reversed,  and  the  very  causes 
which  formerly  gave  rise  to  its  peculiari¬ 
ties  are  now  employed  for  their  removal. 
During  the  foetal  circulation,  the  com¬ 
municating  aperture  between  the  au¬ 
ricles  continued  open,  because  t he  con¬ 
tents  of  the  right  auricle  exceeding  in 
quantity  those  of  the  left,  the  momentum 
of  the  circulation  was  from  the  right 
auricle  to  the  left ;  and  the  communi¬ 
cating  vessel  which  ran  between  the 
pulmonary  artery  and  aorta  likewise  re¬ 
mained  pervious,  because  circulation 
through  the  lungs,  in  their  collapsed 
state,  was  difficult.  But  at  birth,  the 
auricular  aperture  closes,  because  the 
supply  of  the  right  auricle  being  no 
greater,  and  at  first  less  than  that  of  the 
kl't,  the  determination  of  the  circulation 
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is  from  the  left  to  the  right  auricle,  and, 
therefore,  the  valve  of  this  aperture, 
which  lies  in  the  left  auricle,  is  so  com¬ 
pressed  against  its  walls  during  every 
contraction,  that  adhesion  between  the 
margins  of  the  valve  and  the  aperture 
ultimately  takes  place,  and  the  arterial 
duct,  or  vessel  of  intercourse  between 
the  pulmonary  artery  and  aorta,  also 
closes,  because  the  expanded  state  of  the 
lungs  encourages  the  passage  of  the  blood 
from  the  right  to  the  left  cavities  of  the 
heart. 

Circumstances  purely  physical  are 
thus  found  to  account  for  the  very  dif¬ 
ferent  states  of  this  function  in  the  foetus 
and  in  the  adult.  The  connexion  of  the 
former  with  its  mother’s  system  not  only 
renders  a  single  circulation  necessary 
but  leads  to  the  very  apparatus  for  its 
establishment ;  and  the  aerial  medium 
by  which  the  latter  is  surrounded  not 
only  requires  a  double  circulation,  but 
furnishes  important  facilities  towards  its 
execution.  The  auricular  aperture  and 
communicating  vessel  being  now  closed, 
the  heart,  which  before  was  only  ana¬ 
tomically  double,  is  now  made  function¬ 
ally  so;'  and  the  blood,  which  was  be¬ 
fore  limited  to  a  single  circulation,  is 
now  made  to  undertake  a  second  jour¬ 
ney.  There  is  no  parallel  to  the  perfec¬ 
tion  of  this  contrivance,  but  the  simpli¬ 
city  of  the  mechanism  by  which  the  ob¬ 
jects  required  are  secured  ;  and  that 
mechanism  affords  one  of  the  most 
beautiful  illustrations,  at  once  of  skilful 
adaptation  and  of  prospective  arrange¬ 
ment. 

Powers  by  which  the  Blood  circulates. 

Such  is  the  machinery  by  which  the 
blood  circulates  and  the  course  in  which 
it  flows.  It  is  an  interesting  and  some¬ 
what  difficult  point  to  determine  what 
is  the  agency  by  which  this  machinery 
is  wrought,  or  what  are  the  powers  which 
are  brought  to  bear  upon  it  to  put  it  in 
motion,  and  to  keep  that  motion  up  with 
out  ceasing,  without  weariness,  without 
thought,  for  the  most  part  without  even 
consciousness,  during  every  moment  of 
our  life,  through  our  sleeping  and  our 
waking  hours. 

Some  have  imagined  that  as  the  blood 
is  a  living  fluid,  it  cannot  be  considered 
passive  during  its  circulation  ;  but  that, 
by  putting  into  action  its  own  vitality, 
it  materially  contributes  to  its  own  move¬ 
ment.  Others  have  studied  the  science 
of  hydraulics  with  the  hope  of  discover¬ 
ing  the  circulating  powers,  and,  forget¬ 


ting  that  man  is  a  living  being  supported 
by  vital  functions,  the  sanguiferous  sys¬ 
tem  has  been  regarded  as  a  clever  illus¬ 
tration  of  mechanical  principles  working 
upon  dead  matter.  It  is  unnecessary  to 
say  how  far  both  doctrines  are  distant 
from  the  truth ;  and  it  is  quite  certain 
that  many  of  the  phenomena  of  this 
function  must  have  appeared  impene¬ 
trably  obscure  to  the  advocates  of  either. 
It  was  the  doctrine  of  Harvey,  that  the 
only  organ  which  conducted  the  circula¬ 
tion  was  the  heart ;  and  this  opinion  has 
been  warmly  advocated  by  many  subse¬ 
quent  physiologists.  But  it  has  been 
already  shewn  that  in  many  of  the  in¬ 
ferior  classes  of  animals,  a  circulation 
may  exist  without  a  heart ;  its  introduc¬ 
tion  being  only  necessary  when  organiza¬ 
tion  became  voluminous,  and  structure 
complex.  In  insects  there  is  no  central 
organ.  In  fishes,  the  branchiae,  or  gills, 
intervene  between  the  aorta  and  heart ; 
so  that  the  blood,  after  it  leaves  the 
branchiae,  must  move  by  some  agency 
independent  of  the  heart ;  and  in  the 
human  species,  cases  have  been  met 
with  in  which  a  circulation  must  have 
obtained  for  a  considerable  period  with¬ 
out  any  central  organ.  A  foetus,  fifteen 
inches  high,  has  been  described  by  Mr. 
Brodie  as  not  having  had  a  heart  ;  and 
the  mola,  or  imperfect  child,  frequently 
attains  a  very  considerable  size  without 
the  advantage  of  such  an  organ. 

It  is  obvious,  therefore,  that  however 
essential  the  heart  may  be  to  the  circula¬ 
tion  of  the  blood  in  many  classes  of 
animals,  certain  forms  of  this  function 
may  proceed  without  it ;  and  it  w  ill  soon 
be  shown  that  even  in  man  several  other 
important  agents  are  employed. 

Action  of  the  Heart  on  the  Circulation. 

When  the  chest  of  a  living  animal  is 
opened  and  the  heart  exposed,  the  fol¬ 
lowing  appearances  are  witnessed.  The 
right  auricle  is  seen  to  contract  while 
the  right,  ventricle  dilates ;  and  when 
the  right  ventricle  dilates,  the  pulmo¬ 
nary  artery  contracts.  The  same  alter¬ 
nations  of  action  take  place  in  the  left 
side  of  the  heart.  As  the  left  auricle 
contracts,  the  left  ventricle  dilates  ;  and 
as  the  left  ventricle  dilates,  the  aorta 
contracts.  The  two  auricles,  conse¬ 
quently,  dilate  together,  the  two  ven¬ 
tricles  contract  together,  the  pulmonary 
artery  and  aorta  are  filled  at  the  same 
time,  and  the  venae  cavae  and  pulmo¬ 
nary  veins  pour  their  contents  at  the 
same  moment  into  the  auricles.  The 
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harmony,  with  which  these  different 
actions  proceed,  is  as  beautiful  as  the 
necessity  of  such  harmony  is  obvious. 
Did  the  ventricles  persevere  in  contract¬ 
ing  after  their  contents  had  been  expelled, 
the  auricles  would  be  unable  to  fill  them ; 
and  did  the  auricles  forget  to  contract 
when  full,  the  ventricles  would  continue 
empty.  As  it  is  arranged,  however, 
the  ventricle  is  empty  when  the  auricle 
is  full,  and  contraction  commences  the 
moment  relaxation  terminates;  so  that 
as  soon  as  the  auricle  is  prepared  to  fill 
the  ventricle,  the  ventricle  is  prepared  to 
relieve  the  auricle ;  and  the  ventricle  is 
no  sooner  ready  to  propel  its  contents 
into  the  artery,  than  the  artery  is  also 
ready  to  receive  them.  This  systematic 
alternation  of  giving  and  receiving 
is  continued,  until  the  blood  which 
entered  the  right  auricle  leaves  the  left 
ventricle. 

Many  ingenious  conjectures  have  been 
hazarded  respecting  the  cause  of  this 
curious  succession  of  alternate  actions. 
The  ancients  believed  that  there  dwelt 
an  inherent  pulsific  virtue  in  the  heart, 
which  enabled  it  to  contract  and  dilate 
alternately.  Some  conceived  that  the 
auricles  and  ventricles  were  antagonist 
muscles,  and  that  the  same  cause, which 
operated  upon  the  auricles  as  a  stimulus 
to  contraction,  acted  at  the  same  time 
as  a  sedative  upon  the  ventricles  in 
causing  relaxation.  Some  ascribed  to 
an  effervescence  between  the  acid  and 
alkalescent  principles  of  the  blood,  what 
others  traced  to  the  archeus,  anima,  or 
intelligent  agent,  which  was  supposed  to 
superintend  the  vital  functions.  Haller 
explained  all  upon  an  unknown,  yet 
acknowledged  principle,  which  he  called 
irritability ;  and  Le  Gallois  has  endea¬ 
voured  to  prove  that  the  heart  depends 
upon  the  spinal  marrow  for  all  its 
varieties  of  motive  power.  By  intro¬ 
ducing  a  metallic  rod  into  the  vertebral 
canal,  he  found  that  the  action  of  the 
heart  weakened  as  he  broke  down  the 
spinal  cord,  and  that  when  it  was  com¬ 
pletely  destroyed,  fhis  organ  had  lost  all 
power  of  supporting  the  circulation. 
But  similar  experiments  have  subse¬ 
quently  proved  that  the  spinal  marrow 
may  thus  be  broken  down  throughout 
its  whole  extent,  and  yet  the  heart  con¬ 
tinue  its  action  for  a  considerable  time. 
It  is  also  certain  that  the  heart,  when 
separated  from  the  body,  may  be  stimu¬ 
lated  to  contraction  by  being  immersed 
in  warm  water,  or  pricked  with  a  sharp- 
pointed  instrument;  and  likewise  that 


in  an  animal,  which  has  recently  ex¬ 
pired,  its  action  may  be  for  a  time 
restored,  by  supporting  an  artificial 
respiration.  Such  facts,  and  they  might 
be  variously  multiplied,  are  well  known, 
and  the  inference  to  which  they  tend  is 
obvious  ;  yet  it  must  be  admitted  that 
there  are  phenomena  of  an  opposite 
nature  strongly  indicative  of  the  influ¬ 
ence  of  the  nervous  system  upon  the 
heart.  The  blood-vessels  of  a  palsied 
limb  begin  to  diminish  shortly  after  the 
attack ;  its  supply  of  blood  lessens  as 
its  power  sinks  ;  emaciation  keeps  pace 
with  impaired  sensibility,  and  mortifica¬ 
tion  is  not  unfrequently  the  consequence 
of  a  paralyzed  circulation.  And  as  in 
diseases  of  the  nervous  system,  the 
functions  of  the  heart  and  arteries  are 
more  and  sooner  disturbed  than  perhaps 
any  other ;  so  even  in  health  there  is  no 
organ  so  much  under  the  power  of  the 
mind  as  the  heart  :  fear  depresses  its 
activity,  and  joy  excites  it ;  it  is,  in 
short,  so  much  the  victim  of  mental 
emotion,  that  it.  is  popularly  called  the 
seat  of  passion  ;  and  to  speak  in  the 
language  of  the  heart  is  considered  as 
characteristic  of  sincerity,  as  it  is  of 
grief,  to  say  that  the  heart  is  broken. 
The  only  legitimate  inference  which  can 
be  drawn  from  such  conflicting  premises 
is  that,  while  the  heart  is  not  perhaps  as 
immediately  dependent  upon  the  brain, 
as  the  brain  is  upon  the  heart,  both  are 
necessary  for  the  efficient  action  of 
either.' 

The  heart  is  a  hollow  muscle,  possess¬ 
ing  both  elastic  and  contractile  powers. 
Its  contractility  depends  on  the  muscular 
fibres  of  which  it  is  principally  com¬ 
posed:  its  elasticity  on  the  cellular  tissue 
which,  as  we  have  seen,  is  mixed  up  with 
the  muscular.  Its  elasticity  is  inferior  to 
its  contractility  ;  but  its  elasticity  is  in¬ 
dispensable.  When  the  heart  contracts, 
its  muscular  fibres  have  not  only  to 
expel  the  blood,  but  to  overcome  the 
elasticity  which  would  prevent  contrac¬ 
tion  ;  and  when  it  dilates,  the  muscular 
fibres  relax,  and  allow  its  elasticity  to 
operate.  The  one  is  a  vital,  the  other  a 
mechanical  agent.  Power  is  created  by 
the  action  of  contractility,  but  elasticity 
merely  restores  a  part  to  its  primitive 
condition,  when  the  constraining  force 
has  ceased  to  operate. 

The  cause  of  the  heart’s  contraction 
is  the  entrance  of  blood  into  its  cavities  ; 
the  cause  of  the  heart’s  dilatation  is  the 
action  of  its  elasticity  when  its  contrac¬ 
tility  has  ceased.  In  this  manner  may 
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be  explained  what  have  been  called  the 
systole  or  contraction,  and  the  diastole. 
or  dilatation  of  this  organ.  The  elastic 
power  facilitates  the  reception  of  blood 
into  the  heart ;  the  contractile  power 
effects  its  departure  from  it.  The  elastic 
power  opens  the  auricle,  the  contractile 
power  closes  the  ventricle.  When  the 
contents  of  the  auricle  have  been  ex¬ 
pelled,  as  soon  as  the  contractile  power 
has  so  relaxed  as  to  give  the  elastic 
powder  the  superiority,  dilatation  com¬ 
mences,  and  proceeds  until  the  walls  of 
the  auricle  have  resumed  their  natural 
state.  A  vacuum  is,  therefore,  formed 
within  the  auricle,  and  the  blood,  which 
is  urged  forward  to  the  heart  along  the 
veins,  is  invited  by  this  vacuum  into  the 
auricle.  Elasticity  and  contractility  are, 
then,  the  two  great  powers  by  which  the 
heart  acts. 

Supposing  that  the  quantity  of  blood 
taken  into  the  heart  during  each  dilata¬ 
tion  be  two  ounces  and  a  half,  that  the 
heart  contract  seventy-five  times  in  a 
minute,  and  that  thirty  pounds  represent 
the  quantity  of  blood  circulating  in  the 
body  of  a  moderately  sized  man,  the 
whole  mass  of  blood  will  pass  through 
the  heart  twenty-three  times  every  hour, 
and  an  entire  circulation  will  be  per¬ 
formed  every  three  minutes.  The  time 
spent  during  one  circulation  may  thus  be 
easily  ascertained  ;  but  it  is  more  diffi¬ 
cult  to  discover  how  far  the  action  of  the 
heart  extends  along  the  arteries,  and  at 
what  rate  the  blood  travels  in  different 
stages  of  its  journey. 

From  experiments  carefully  made 
ami  frequently  repeated,  if  is  believed 
that  the  left  ventricle  projects  its  blood 
into  the  aorta  with  a  velocity  equal  to 
twenty- one  feet  in  the  minute.  By  in¬ 
serting  a  glass  tube  into  a  large  artery, 
Hales  found  that  the  blood  rose  eight 
feet  and  three  inches  above  the  level  of 
the  left  ventricle  during  every  contrac¬ 
tion  of  the  heart,  and  hence  infers,  that 
(he  blood  would  rise  seven  feet  and  a  half 
high  in  a  similar  tube  fixed  into  the 
carotid  artery  of  a  man.  “  The  internal 
area  of  the  left  ventricle  of  the  heart 
(he  observes)  is  equal  to  fifteen  square 
inches  ;  these  multiplied  into  seven  feet 
and  a  half  give  1350  cubic  inches  of 
blood,  which  press  upon  that  ventricle 
when  first  it  begins  to  contract ;  a  weight 
eq’ualtool — 5  pounds.” 

It  is  certain,  however,  that  if  the 
velocity  with  which  the  blood  leaves  the 
left-  ventricle,  supposing  it  to  be  equal 
to  twenty-one  feet  in  a  minute  were 


maintained  throughout  its  whole  course, 
three  minutes  could  not  be  spent  in  a 
single  circulation.  Several  of  the  rea¬ 
sons  why  this  cannot  be  the  case  will 
soon  appear,  and  it  is  not  unlikely  that 
the  power  of  the  heart  has  been  over 
estimated.  Borelli  conceived  lhat  it  was 
equal  to  180,000  pounds  ;  Senac  re¬ 
duced  it  to  4.00  ;  and  Keil  diminishes 
it  to  the  insignificant  fraction  of  eight 
ounces.  The  amazing  discrepancy, 
which  such  calculations  betray,  is  a 
tolerable  proof  that  little  importance  is 
to  be  attached  to  any  of  them  ;  and  it 
was  to  be  expected  that  they,  who 
looked  to  the  action  of  the  heart  alone 
for  the  agency  by  which  the  blood  cir¬ 
culates,  would  be  tempted,  for  the  sake 
of  system,  to  ascribe  to  it  an  undue 
influence. 

Action  of  the  Arteries  on  the 
Circulation 

By  such  physiologists  the  arteries  were 
contemplated  as  lifeless  and  passive 
tubes,  useful  only  because  connected 
with  a  living  and  acting  organ.  But  it 
has  been  already  stated,  that  a  circula¬ 
tion  may  be  conducted  even  in  the  human 
system  without  a  heart ;  that  in  insects 
there  is  no  such  organ,  and  that  in 
fishes  two-thirds  of  the  blood  with 
which  they  are  supplied  are  circu¬ 
lated  by  means  of  vessels  only.  Since, 
however,  this  function  may  exist  with¬ 
out  a  heart,  while  an  artery  is  always 
necessary,  it  is  obviously  absurd  to 
attempt  to  explain  the  circulation  upon 
mere  hydraulic  principles,  or  to  as¬ 
cribe  to  the  heart  the  entire  credit  of  its 
performance.  In  living  beings  the  agency 
of  machinery  must  ever  be  studied  in 
connexion  with  the  influence  of  life. 
Each  is  equally  necessary  to  the  esta¬ 
blishment  of  function.  No  physical 
process  can  be  conducted  by  life  with¬ 
out  machinery,  and  machinery  without 
life  cannot  execute  any  physiological 
function.  Were  arteries  lifeless  tubes, 
attached  to  the  heart  for  the  sake  of 
convenience,  as  leather  pipes  in  a  water- 
engine  are  connected  with  the  piston, 
the  science  of  hydraulics  might  be  legi¬ 
timately  applied  to  the  action  of  these 
vessels,  and  to  estimate  the  force  of  the 
heart's  agency  would  be  to  measure  the 
strength  of  the  circulating  powers. 

This  plan  has  been  attempted,  but  it 
has  failed,  and  the  heart  has  been  in¬ 
vested  with  a  degree  of  force  quite  in¬ 
compatible  with  the  structure  of  such 
an  organ,  in  order  to  account  for  pile- 
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nomena  which  were  not  to  be  explained 
upon  so  limited  a  system.  If  the  capil¬ 
lary  extremity  of  an  artery  be  placed 
in  a  microscope,  it  will  be  seen  to  con¬ 
tract  and  dilate  as  regularly  as  the 
heart.  If  the  aorta  be  tied  as  it  issues 
from  the  heart,  the  blood  which  it  con¬ 
tains  beyond  the  ligature  will  be  urged 
forward  as  usual  into  the  veins.  And 
if  the  heart  be  wholly  removed  from  the 
body,  the  circulation  may  be  observed 
to  go  on  for  some  time  afterward  in  the 
capillary  vessels.  Many  experiments 
of  this  kind  were  performed  by  Spal¬ 
lanzani.  The  heart  of  a  salamander 
was  opened,  and  the  blood  continued  to 
flow  thi-ough  the  vessels  for  twelve 
minutes  after  the  operation.  The  heart 
of  a  tadpole  was  cut  out,  yet  “  the  cir¬ 
culation  was  maintained  some  time  in 
several  ramifications  of  the  tail ;  while 
the  motion  of  the  blood  in  the  large 
veins  became  augmented,  that  in  the 
accompanying  artery  took  a  retrograde 
course  towards  the  heart."  The  heart 
of  the  chick  in  ovo  was  destroyed  im¬ 
mediately  after  contraction  ;  “  the  arte¬ 
rial  fluid  took  a  retrograde  direction, 
and  the  momentum  of  the  venous  blood 
was  redoubled.  The  circulation  con¬ 
tinued  in  this  manner  during  eighteen 
minutes." 

Like  the  heart,  therefore,  the  arteries 
are  endowed  with  the  properties  of 
contractility  and  elasticity ;  and  a  little 
consideration  will  be  sufficient  to  con¬ 
vince  us,  that  were  they  not  both  elastic 
and  contractile  tubes,  they  would  be 
unqualified  for  discharging  the  offices 
assigned  them.  The  moment  the  left 
ventricle  has  poured  its  blood  into  the 
aorta,  several  retarding  causes  begin 
to  operate,  through  which  the  velocity 
first  imparted  to  the  departing  current 
gradually  lessens  as  it  moves  to  a 
distance  from  the  heart.  The  friction 
between  the  blood  and  the  sides  of 
the  vessels  through  which  it  moves, — 
the  many  curves  and  angles  which  it 
encounters  while  passing  along  tubes 
laid  in  every  organ  of  the  body — and  the 
increasing  area  of  these  tubes  as  they 
ramify,  are  obstructions  of  such  influ¬ 
ence  as  would  render  it  impossible  for 
the  heart  to  conduct  the  circulation 
without  assistance.  Since  the  area  of 
the  aorta  or  arterial  trunk  is  less  than 
the  conjoined  area  of  all  its  branches, 
it  follows  that  the  arterial  system  con¬ 
stitutes  an  inverted  cone,  the  apex  of 
which  is  in  the  heart  and  the  base  in  the 
capillaries.  And  since  it  is  a  well- 


known  hydraulic  law,  that  the  velocity 
of  a  fluid  in  a  tube  is  in  an  inverse  ratio 
to  the  area  of  that  tube,  it  likewise 
follows  that  the  velocity  of  the  blood 
along  the  arterial  system  must,  in  obe¬ 
dience  to  this  law,  decrease  as  it  pro¬ 
ceeds  from  the  centre  to  the  circum¬ 
ference. 

Now,  nature  has  done  every  thing  to 
weaken  the  influence  of  these  retarding 
causes.  To  lessen  the  effects  of  friction, 
the  arteries  are  made  elastic ;  to  counter¬ 
act  the  influence  of  curves  and  angles 
contractility  is  afforded  ;  and  to  neutralize 
the  tendency  of  a  law  which  diminishes 
the  velocity  of  a  fluid  as  the  vessel 
through  which  it  moves  increases,  this 
contractile  power  augments  as  the  vessel 
decreases.  In  consequence  of  the  first 
provision,  the  impulse  of  the  heart  is 
transmitted  along  the  vessel  to  as  great 
a  distance  and  with  as  little  loss  of  mo¬ 
mentum  as  possible ;  by  the  second  a 
new  impulse  is  added  to  the  first ;  and 
by  the  third  the  strength  of  this  im¬ 
pulse  rises  as  that  of  the  first  declines. 
Were  the  arteries  unyielding  vessels, 
friction  would  operate  at  every  impulse 
of  the  heart  without  the  control  of  an 
opposing  principle ;  but,  by  making 
them  both  elastic  and  contractile,  and 
proportioning  these  properties  to  the 
varying  necessities  of  the  case,  the  im 
pelling  powers  and  resisting  forces  arc 
equalized.  Some  from  having  over¬ 
looked  this  provident  arrangement, 
have  maintained  that  the  velocity  of 
the  blood  in  the  aorta  is  11U0  degrees 
quicker  than  that  with  w'hich  it  circu¬ 
lates  through  the  extreme  vessels  ;  and 
Hales  has  concluded  that  the  blood 
in  the  capillaries  of  a  frog’s  foot,  which 
he  says  travels  at  the  rate  of  two  feet 
every  minute,  is  six  hundred  and  fifty 
times  slower  than  that  in  the  human 
aorta,  the  average  velocity  of  which  he 
estimates  at  eight  inches  in  a  second. 

But  many  ingenious  and  well-con¬ 
ducted  experiments  have  been  made  by 
Halier  and  Spallanzani,  which  clearly 
shew  that,  when  the  body  is  in  a  state 
of  health,  there  is  a  very  trifling  dif¬ 
ference  between  the  velocity  of  the 
blood’s  movement  in  the  large  trunks 
and  the  minute  vessels.  When  a  small 
artery  was  opened,  the  blood  issued  with 
as  much  force  and  to  as  great  a  dis¬ 
tance  as  when  drawn  from  a  large  one ; 
and  when  the  microscope  was  employed, 
the  blood  in  the  capillaries  frequently 
seemed  to  move  even  more  rapidly  than 
that  in  the  trunks. 
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If  it  be  considered  how  the  two  cir¬ 
culating  powers  already  described — 
elasticity  and  contractility — are  propor¬ 
tioned  throughout  the  arterial  system,  it 
will  not  appear  strange  that  the  fact 
should  be  as  is  now  stated.  It  is  pro¬ 
bable  that  the  aorta  is  muscular  as  it 
issues  from  the  heart,  and  that  the 
farthest  point  of  its  most  minute 
branch  is  elastic :  but  these  two  powers 
will  not  be  found  in  the  same  degree 
in  these  two  forms  of  the  same  vessel. 
Elasticity  diminishes  as  we  proceed 
from  the  heart ;  muscularity  diminishes 
as  we  approach  it.  Their  conditions  are 
inverted.  The  stronger  the  contractility 
the  weaker  the  elasticity ;  and  the 
weaker  the  elasticity,  the  stronger  the 
contractility.  So  that,  as  the  strength 
of  the  heart’s  impulse  upon  the  blood 
diminishes  as  the  current  leaves  the 
centre,  the  strength  of  the  contractile 
power  in  the  smaller  arteries  through 
which  it  has  to  pass  increases.  And  as 
the  elasticity  of  the  large  arteries,  which 
to  them  is  essential,  would  be  injurious 
to  the  small  ones,  this  principle  gradu¬ 
ally  decreases  with  the  decreasing  artery, 
until  the  capillary  vessel  becomes  almost 
exclusively  a  muscular  tube.  A  large 
artery  near  the  heart  needs  not  much 
contractile  power,  because  the  action  of 
the  heart  gives  a  degree  of  momentum 
to  the  blood  passing  through  such  a 
vessel,  which  would  not  only  render 
strong  action  in  the  vessel  unnecessary, 
but  inconvenient.  But  as  this  momentum 
weakens  through  the  effect  of  the  retard¬ 
ing  causes  already  mentioned,  increas¬ 
ing  power  in  the  artery  is  indispensable 
as  a  compensation  for  the  decreasing 
influence  of  the  heart.  And  since  elas¬ 
ticity  and  contractility  are  antagonist 
principles,  it  were  in  vain  to  increase  the 
contractility  of  the  small  artery  while  it 
was  permitted  to  retain  the  elasticity  of 
the  large  one,  because  any  increase  of 
its  contractile  power  would  be  rendered 
useless  by  the  preponderance  of  its 
elastic  force.  The  elasticity  of  a  large 
artery  preponderates,  because  this 
elasticity  enables  it  to  dilate  when  the 
heart  contracts,  and  thus  to  increase 
the  action  of  the  heart  by  diminishing 
the  friction  of  the  vessel ;  and  the  con¬ 
tractility  of  a  small  artery  preponderates 
because  this  contractility  enables  it  to 
make  up  for  the  deficiency  of  the  heart's 
action,  and  thus  to  preserve  the  circula¬ 
tion  in  a  tolerably  uniform  state. 

Circulation  through  a  large  artery 
is,  consequently,  more  an  hydraulic, 


through  a  small  artery,  more  a  vital 
process.  Hence,  in  the  sturgeon  the  aorta 
is  bony,  and  the  root  of  the  same  vessel 
is  often  ossified  in  man,  without  pro¬ 
ducing  any  change  in  the  character  of 
the  circulation.  The  heart  is  the  central 
organ  by  which  the  blood  is  put  in  mo¬ 
tion,  and  circulates  toward  the  circum¬ 
ference  ;  the  capillaries  are  the  peri¬ 
pheral  organ,  by  which  the  motion  at 
first  given  to  the  blood  is  supported  and 
assisted  in  returning  toward  the  centre. 

Action  of  the  Veins  on  the  Circulation. 

It  has  been  observed,  that  in  the  struc¬ 
ture,  course,  and  arrangement  of  the 
veins,  there  are  several  points  which  dis¬ 
tinguish  them  from  arteries.  In  the  first 
place,  they  are  thinner  and  less  elastic, 
and  muscularity  has  been  generally  de¬ 
nied  to  them.  Secondly,  they  are 
crowded  with  semilunar  folds  of  their 
lining  membrane,  termed  valves,  which 
are  so  disposed  in  their  interior,  as  to 
offer  no  resistance  to  the  blood  in  its 
progress  to  the  heart,  while  they  render 
any  other  course  impracticable.  Thirdly 
they  are  generally  not  so  deeply-seated 
as  arteries,  but  are  comparatively  super¬ 
ficial,  many  of  them  being  covered  only 
by  the  external  skin.  Fourthly,  they 
are  much  more  numerous  than  arteries, 
and  anastomose  much  more  frequently 
with  each  other ;  and,  lastly,  they  are 
more  capacious,  and  are  supposed  to 
contain  two-thirds  of  the  entire  mass  of 
blood.  Nowr,  a  knowledge  of  these  pe¬ 
culiarities  will  teach  us  the  action  of 
these  returning  vessels. 

In  several  of  his  experiments  upon 
salamanders,  Spallanzani  ascertained 
that  the  motion  of  the  blood,  during  its 
return  through  the  veins,  was  mate¬ 
rially  accelerated  at  every  contraction  of 
the  heart.  And  it  has  been  shewn,  that 
the  capillary  arteries,  in  consequence  of 
their  increased  contractility,  operate  at 
the  circumference  as  the  heart  does  at 
the  centre  of  the  circulation;  differing 
in  nothing  but  their  degree  of  action. 
By  the  heart,  or  central  power,  the  blood 
is  propelled  into  and  urged  through  the 
arterial  trunks.  As  these  trunks  lessen 
into  branches,  the  propelling  power  of 
the  heart  diminishes,  while  the  con¬ 
tracting  pow'er  of  the  tubes  increases ; 
and  when  the  blood  has  reached  the  ca¬ 
pillary  or  extreme  vessels,  it  is  then  fully 
under  the  influence  of  a  strong  muscular 
agency.  This  muscular  agency  of  the 
capillaries,  aided  by  the  impetus  of  the 
blood  impelled  onward  from  behind  by 
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the  heart  and  arterial  trunks,  enables 
this  fluid  to  return  through  the  veins. 
It  must  be  recollected,  however,  that  al¬ 
though  we  are  thus  tracing  the  different 
stages  of  the  blood’s  progress  through 
the  system,  it  never  stops  in  any  period 
of  its  course ;  that  the  action  of  the  heart 
is  constant,  and  that  the  arterial  trunks 
are  ever  full. 

When  a  quantity  of  blood,  then,  has 
reached  the  capillary  arteries,  and  is 
ready  to  be  transferred  into  the  capillary 
veins,  three  powers  at  least  are  in  opera¬ 
tion  to  effect  its  passage.  The  first  is  the 
muscular  action  of  the  arterial  capillaries, 
the  second  is  the  action  of  the  heart  and 
arterial  trunks,  and  the  third  is  the  mo¬ 
mentum  of  a  large  column  of  blood 
already  in  rapid  motion.  These  three 
agents,  probably  assisted  to  a  small  ex¬ 
tent  by  capillary  power,  convey  the 
blood,  as  it  comes  from  the  extremities 
of  the  arterial  trunks  through  the  ca¬ 
pillary  system,  into  the  beginnings  of  the 
veins ;  but  how  far  they  are  capable  of 
propelling  it  along  these  vessels,  it  is  not 
so  easy  to  ascertain.  For  our  present 
purpose  it  is  enough  to  know  that  their 
action  must  extend  a  considerable  way, 
and  that  in  the  structure,  course,  and 
number  of  the  vessels  through  which 
the  returning  fluid  has  to  pass,  every 
facility  is  afforded  to  it.  The  veins  are 
large  and  freely  anastomose,  in  order 
that  if  any  obstacle  occur  in  the  circu¬ 
lation  of  one  tube,  the  blood  may  make 
its  passage  through  another.  They  are 
crowded  with  valves,  in  order  that  the 
blood,  which  they  contain,  may  be  pre¬ 
vented  from  pursuing  any  other  than  its 
proper  course,  in  order  that  the  weight  of 
the  returning  column  may,  as  far  as  pos¬ 
sible,  be  taken  off  the  propelling  powers, 
and  in  order  that  external  pressure,  or 
muscular  action,  or  any  neighbouring 
influence  may  be  rendered  available  to 
the  common  object — the  ascent  of  the 
blood  in  the  veins.  They  are  much  less 
tortuous  than  arteries,  that  the  impedi¬ 
ment  from  curves,  angles,  and  lateral 
friction  may  be  small;  and  while  the 
arterial  system  forms  an  inverted  cone, 
the  veins  constitute  a  cone  set  upright, 
so  that  the  returning  blood  has  the  ad¬ 
vantage  of  a  law  which  was  a  serious 
impediment  to  its  progress  along  the  ar¬ 
teries.  When  inverted  and  upright  cones 
are  here  mentioned,  we  speak  with  rela¬ 
tion  to  the  course  of  the  blood  through 
them,  and  not  to  the  position  of  the  cones 
themselves.  As  to  abstract  position,  the 
arteries  are  as  much  an  upright  cone 


as  the  veins ;  since  the  apices  of  both 
cones  terminate  in  the  heart.  But  wnile 
the  arterial  blood  moves  from  the  apex 
to  the  base,  the  venous  blood  moves 
from  the  base  to  the  apex  ;  so  that  the 
current  of  the  blood  in  the  arteries,  being 
viewed  in  relation  to  the  position  of  the 
cone,  is  said  to  be  along  an  inverted 
cone,  but  along  an  upright  cone  when 
in  the  veins. 

Every  facility  being  tnus  afforded  to 
the  return  of  the  venous  blood  to  the 
heart,  the  powers  already  specified 
operate  with  the  greatest  advantage ; 
and  when  their  influence  begins  to 
weaken  as  the  current  approximates  the 
centre,  a  new  agency  comes  into  play, 
which  must  now  be  mentioned. 

Suction  power  of  the  Lungs  and  Heart. 

While  treating  of  the  action  of  the  heart 
in  propelling  the  arterial  blood  into  the 
aorta,  we  said  that  the  ventricle  dilated 
as  the  auricle  contracted,  that  the  au¬ 
ricle  dilated  as  the  ventricle  contrac¬ 
ted,  that  the  cause  of  the  heart’s  con¬ 
traction  was  its  muscularity,  that  elas¬ 
ticity  was  the  cause  of  its  dilatation, 
and  that  this  elasticity  arose  from  the 
presence  of  a  large  quantity  of  cel¬ 
lular  tissue,  which  is  mixed  up  with  the 
muscular  fibres  of  this  organ.  It  was 
likewise  hinted,  that  one  cause  which 
assisted  the  auricle  in  filling  the  ven¬ 
tricle,  was  a  partial  vacuum  formed 
within  the  latter  by  the  action  of  its 
elasticity,  and  it  will  now  appear  that 
the  same  cause  assists  the  venae  cavse 
or  trunks  of  the  venous  system,  in  filling 
the  auricle  when  the  ventricle  is  full. 

If  a  caoutchouc  bottle  be  filled  with 
water  and  compressed  with  the  hand, 
the  fluid  will  be  expelled  from  its  mouth 
with  a  velocity  proportionate  to  the  com¬ 
pressing  force.  But  the  moment  the 
pressure  is  removed,  elasticity  begins  to 
operate,  and  if  the  mouth  of  the  bottle 
be  now  immersed  in  water,  a  consi¬ 
derable  quantity  of  this  fluid  will  be 
drawn  up  into  the  bottle,  in  consequence 
of  the  vacuum  formed  within  it.  Let 
this  illustration  be  applied  to  the  action 
of  the  heart,  and  the  nature  of  the  new 
agent,  which  aids  the  other  powers  in 
returning  the  venous  blood  to  the  right 
auricle,  will  be  easily  understood. 

When  the  right  ventricle  has  poured 
its  contents  into  the  pulmonary  artery, 
the  auricle  contracts,  and  immediately 
fills  it.  But  the  auricle  has  no  sooner 
contracted  than  its  elasticity  again  causes 
it  to  dilate,  and  thus  a  vacuum  is  formed 
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at  the  very  extremity  of  the  venous  sys¬ 
tem.  Meantime  the  blood,  which  in  re¬ 
turning  through  the  veins,  being  pressed 
upon  in  every  direction  from  behind, 
moves  on  toward  the  heart,  comes  at 
length  within  the  influence  of  this  vacu¬ 
um  ;  instantly  the  suction  power  gene¬ 
rated  in  the  auricle  begins  to  operate, 
and  completes  the  circulation  by  drawing 
the  rising  current  into  the  cavity  of  the 
auricle. 

To  revert  again  for  a  moment  to  our 
illustration  of  the  elastic  bottle.  Sup¬ 
pose  that,  in  place  of  allowing  this  bottle 
to  be  exposed  to  the  action  of  the  ex¬ 
ternal  atmosphere  during  the  experi¬ 
ment,  it  be  introduced  within  the  ex¬ 
hausted  receiver  of  an  air-pump,  while, 
at  the  same  time,  by  adjusting  a  pipe  to 
its  mouth,  we  connect  the  bottle  within 
the  pump  with  a  vessel  of  water  on  the 
outside ;  it  is  evident  that,  since  the 
pressure  of  the  air  is  removed  from  the 
surface  of  the  bottle,  while  it  continues 
to  act  upon  the  surface  of  the  water,  the 
fluid  will  be  drawn  through  the  pipe 
into  the  cavity  of  the  bottle  with  a  very 
considerable  force ;  with  a  force  regu¬ 
lated  by  the  proportion  which  the  sur¬ 
face  of  the  water  bears  to  the  surface  of 
the  vacuum  within  the  bottle. 

Now,  it  is  supposed  that  the  heart, 
during  a  healthy  state,  is  placed  in  cir¬ 
cumstances  very  similar  to  those  in 
which  the  elastic  bottle  stands  while 
under  the  receiver  of  the  air-pump. 
Until,  however,  we  proceed  to  the  sub¬ 
ject  of  respiration,  and  have  the  anatomy 
of  the  pulmonary  system  before  us,  it 
will  be  impossible  to  present  the  reader 
with  any  intelligible  description  of  this 
doctrine.  For  the  present,  he  must  rest 
satisfied  with  the  assumptions  that  such 
a  vacuum  exists ;  that  during  inspira¬ 
tion,  the  cavity  of  the  chest  being  much 
enlarged,  the  pressure  of  the  external 
atmosphere  upon  it  is  materially  dimi¬ 
nished  ;  that  the  parts  which  it  encloses 
are  for  the  time  in  a  partial  vacuum  ;  and 
that,  from  the  connexion  subsisting  be¬ 
tween  the  heart  and  lungs,  a  considerable 
portion  of  this  vacuum  takes  place  in 
the  cavity  of  the  pericardium,  or  bag, 
which  surrounds  the  heart.  The  conse¬ 
quence  is,  that  the  heart  works  within 
the  pericardium  as  the  elastic  bottle 
works  within  the  exhausted  receiver ; 
with  this  difference,  that  the  vacuum 
within  the  latter  is  constant,  while  it 
only  occurs  in  the  former  during  every 
inspiration. 

If  a  ligature  be  put  around  a  vein, 


the  blood  contained  by  that  portion 
which  lies  between  the  ligature  and  the 
heart,  continues,  without  interruption, 
to  pursue  its  course  to  the  auricle ; 
proving  that,  although  all  communica¬ 
tion  has  been  thus  destroyed  between 
this  section  of  blood  and  the  general 
current,  there  is  still  some  power  exist¬ 
ing  between  the  ligature  and  the  heart. 
The  following  experiment  is  given  to 
show  that  the  influence  which  this  suc¬ 
tion  power  exerts  upon  the  course  of  the 
venous  blood  is  not  only  certain,  but 
considerable.  The  left  jugular  vein  of  a 
horse  was  exposed  and  tied.  About  an 
inch  below  the  ligature  a  large- sized 
flexible  catheter,  having  a  spiral  glass 
tube  adjusted  to  one  end,  was  introduced 
into  the  vein  by  the  other  extremity, 
pushed  down  toward  the  heart  as  far 
as  it  would  freely  go,  and  preserved  in 
this  situation  by  having  a  ligature  thrown 
around  it  and  the  vein.  The  point  of 
the  spiral  tube,  which  had  an  aperture 
in  it  that  had  been  hitherto  closed  by 
the  finger,  was  now  immersed  into  a  cup 
of  water,  coloured  with  Prussian  blue, 
and  the  finger  was  removed.  The  mo¬ 
ment  the  tube  was  introduced  into  the 
cup  the  blue  fluid  rose  rapidly  in  the 
tube.  “  The  sun,”  says  Dr.  Barry, 
“  happening  at  the  moment  to  shine 
strongly  on  the  tube,  I  saw  in  the  most 
satisfactory  manner  the  undissolved  par¬ 
ticles  of  blue  pass  up  from  the  cup  and 
round  the  spiral  during  inspiration,  and 
halt  and  return  slowly  towards  the  cup 
during  expiration.  Not  a  drop  of  blood 
w'as  seen  to  enter  the  tube,  but  bubbles  of 
air  sometimes  appeared  upon  the  surface 
of  the  liquid  in  the  cup  during  expiration. 
The  breathing  being  audible  allowed  me 
to  keep  my  eye  steadily  fixed  upon  the 
motion  of  the  liquid,  and  to  ascertain, 
beyond  all  possibility  of  deception,  that 
this  motion  was  entirely  dependant  upon 
the  movements  of  respiration.” 

The  strength  of  this  suction  power  in 
the  heart  is  not  easily  measured,  nor  is 
it  known  with  certainty  how  far  along  I 
the  venous  system  its  influence  extends; 
but  it  is  obvious,  from  the  very  structure 
of  the  heart,  that  such  a  power  does] 
exist  within  it ;  and,  from  the  observa¬ 
tions  now  made,  it  appears  that  this| 
innate  suction  power  of  the  heart  is  ma¬ 
terially  increased  by  the  elasticity  of  thel 
lungs  ;  or,  in  other  words,  that  the  heartl 
is  an  elastic  muscle  placed  within  al 
vacuum.  Viewing  it,  therefore,  as  bothl 
a  forcing  and  a  suction  pump  ;  as  a  hol-l 
low  organ  which  empties  its  cavities  byl 
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contraction,  and  fills  them  by  elasticity, 
many  phenomena  receive  elucidation 
which  it  would  be  otherwise  difficult  to 
explain.  The  superficial  course  of  the 
veins,  the  deep-seated  position  of  the 
arteries,  the  continuous  stream  in  which 
venous  blood  flows,  and  the  interrupted 
current  of  arterial  blood ;  the  strong 
elastic  structure  of  arteries,  and  the 
pliant  compressible  texture  of  veins ;  the 
turgidity  of  the  veins  of  the  neck  and  face 
during  expiration  and  coughing;  the 
great  size  of  the  right  auricle  over  the 
left ;  the  theory  of  palpitation,  and  the 
cause  of  the  pulse ; — these  and  many 
other  interesting  points,  which  our  limits 
prevent  us  from  noticing  more  largely, 
can  be  accounted  for  when  it  is  known 
that  atmospheric  pressure  is  to  be  en¬ 
rolled  among  the  circulating  powers,  as 
second  only  in  importance  to  contracti¬ 
lity.  The  veins  are  pliant  and  superfi¬ 
cial  to  give  full  effect  to  the  action  of  the 
atmosphere ;  while  the  arteries  are  deep 
seated  to  avoid  pressure,  and  elastic  that 
they  may,  after  yielding  to  the  impulse 
given  to  the  passing  current  by  each 
pulsation  of  the  heart,  assist  this  organ 
by  their  reaction  in  moving  the  vital 
fluid  toward  the  capillaries.  The  cur¬ 
rent  in  the  arteries  is  salient  or  inter¬ 
rupted,  because  it  depends  upon  the 
alternate  contractions  of  the  heart  and 
dilatation  of  the  arteries ;  while  that  in 
the  veins  is  continuous,  because  it  is 
moved  on  by  more  continuous  agents. 
For  the  same  reason  is  it  that  there  is  an 
arterial,  but  no  venous  pulse.  This  phe¬ 
nomenon  is  strongest  at  the  heart,  be¬ 
cause  there  contraction  is  the  strongest ; 
and  it  gradually  declines  as  we  leave  the 
centre,  because  as  the  blood  departs 
from  the  centre,  it  is  leaving  the  princi¬ 
pal  impelling  agent ;  and,  therefore,  the 
impression  made  upon  the  artery  at 
each  pulsation  of  the  heart  lessens  as 
the  distance  between  it  and  the  heart 
increases. 

General  Remarks  upon  the  circulating 
Powers. 

Such,  then,  are  the  principal  agents  by 
which  the  circulation  in  man  is  con¬ 
ducted.  Some  others  have  been  men¬ 
tioned,  as  contraction  of  the  muscles, 
pressure  of  the  viscera,  the  movements 
of  the  diaphragm,  (of  which  we  shall 
speak  immediately,)  and  capillary  at¬ 
traction.  But,  although  all  of  these 
may  be  considered  auxiliary  agents, 
their  action  must  be  always  trifling,  and 
may  be  sometimes  adverse.  Contrac¬ 


tility  of  the  heart  and  capillaries,  elasti¬ 
city  of  the  heart  and  arteries,  and  suc¬ 
tion  power  of  the  heart  and  lungs,  are 
the  three  chief  circulating  agents,  to 
which  the  execution  of  this  important 
function  is  to  be  ascribed  ;  and  the  con¬ 
summate  wisdom,  with  which  these 
agents  are  so  adapted  to  the  varying 
circumstances  of  the  circulation,  can  be 
only  imperfectly  estimated  even  when 
fully  understood. 

We  have  seen  that  the  force  of  the 
heart's  action  has  been  fixed  at  a  cer¬ 
tain  number  of  pounds  and  grains,  just 
as  we  might  take  the  weight  of  a  piece 
of  dead  machinery,  and  that  the  velocity 
of  the  blood  has  been  measured  through¬ 
out  the  different  stages  of  its  course, 
with  an  inch  and  line  calculation.  But 
the  folly  of  such  estimates  must  now  be 
obvious.  As  the  relations  between  the 
moving  agents  are  ever  changing,  the 
degree  of  motion  which  they  generate 
must  be  equally  variable.  The  influence 
of  the  heart  upon  the  vital  current  varies 
with  the  distance;  the  contractility  of 
the  arterial  trunks  increases  as  they  leave 
the  heart ;  the  elasticity  of  the  arterial 
capillaries  diminishes  as  they  approach 
the  veins  ;  and,  although  the  absolute 
pressure  of  the  atmosphere  upon  every 
part  of  the  external  surface  of  the 
body  must  be  the  same,  that  is,  fifteen 
pounds  upon  every  square  inch,  the 
operation  of  a  vacuum  within  the  chest 
will  render  the  effect  of  this  pressure 
upon  the  motion  of  the  venous  blood 
greater  in  a  direct  ratio  to  its  proximity' 
to  the  vacuum.  Thus,  in  perhaps  every 
inch  of  sanguiferous  vessel  there  is  a 
new  combination  of  the  sanguiferous 
agents ;  and  it  is,  therefore,  idle  to  cir¬ 
cumscribe  within  one  general  calcula¬ 
tion  the  operation  of  powers,  whose 
proportions  are  as  different  in  different 
parts  of  the  system,  as  the  nature  of 
the  tissues  through  which  the  blood 
circulates. 

Besides,  in  different  individuals,  and 
even  in  the  same  individual  at  different 
periods,  the  force  of  the  heart's  action 
and  the  activity  of  the  vessels  are  very 
various.  In  the  melancholic  the  circu¬ 
lation  is  languid ;  but  in  the  sanguine  it 
is  quick.  When  enlivened  by  hope,  or 
encouraged  by  prosperity,  the  vital  cur¬ 
rent  flows  with  ease  and  freedom ;  but 
when  grief  or  adversity  sinks  the  spirits 
this  function  is  sure  to  sympathize.  In 
youth  the  pulse  is  frequent;  in  man¬ 
hood  it  is  firm ;  in  age  it  is  weak  and 
slow.  In  short,  the  heart  is  so  en- 
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tirely  the  slave  of  mental  emotion  and 
physical  circumstance,  that  its  action 
may  alter  every  hour  in  the  day,  or  every 
minute  in  the  hour  ;  and  the  only  cer¬ 
tain  facts  which  we  can  vouch  for  on  the 
subject  of  the  blood’s  velocity  are,  that,  it 
is  somewhat  greater  in  the  large  arteries 
than  in  the  small,  and  somewhat  less 
in  the  small  veins  than  in  the  large ; 
that  as  it  issues  from  the  left  ventricle 
and  enters  the  right  auricle  it  is  quicker, 
and  as  it  passes  from  the  arteries  into 
the  veins  slower,  than  during  any  other 
periods  of  its  course. 

Uses  of  the  Circulation. 

The  objects  for  which  this  complicated 
function  has  been  so  perfectly  esta¬ 
blished,  and  is  so  faithfully  maintained, 
are  many  and  important.  Nutrition, 
secretion,  respiration,  absorption,  sen¬ 
sation,  and  motion,  depend  upon  its 
performance.  No  new  part  could  be 
formed,  no  new  fluid  could  be  elabo¬ 
rated,  no  excrementitious  matter  could 
be  removed,  no  sensation  could  exist, 
and  no  motion  could  be  effected  without 
a  heart,  arteries,  and  veins.  The  process 
of  digestion  on  the  one  hand  would  go 
on.  m  vain,  and  the  function  of  absorp¬ 
tion,  on  the  other,  would  be  useless. 
Were  there  no  arteries  to  convey  the 
chyle,  which  has  been  elaborated  in  the 
stomach,  to  every  organ,  digestion  might 
proceed  for  ever  without  supporting 
life ;  and  were  there  no  veins  to  re¬ 
ceive  the  refuse  matter  of  the  system 
from  the  absorbents  as  they  take  it  up, 
nutrition  could  not  possibly  be  accom¬ 
plished  ;  the  wheels  of  life  would  be 
clogged  with  excrementitious  matter,  the 
removal  of  which  is  as  necessary  to  ex¬ 
istence  as  the  deposition  of  nutrient  par¬ 
ticles.  To  enter  at  present,  however, 
into  subjects  of  such  extent  would  be 
irrelevant.  Some  of  them  will  soon 
come  before  us  in  a  specific  form,  and 
others  will  be  noticed  with  more  advan¬ 
tage  in  another  place.  A  few  general 
observations  will  be  sufficient  to  es¬ 
tablish  their  importance,  and  also  to 
shew  the  intimate  connexion  which  the 
circulation  has  with  every  other  animal 
function. 

The  anxiety  which  nature  exhibits  to 
supply  every  organ  and  tissue  with  suf¬ 
ficient  nutriment,  is  apparent  in  the 
minute  distribution  of  the  blood  vessels. 
There  is  no  part  so  small  as  to  be  over¬ 
looked,  and  no  member  so  large  as  not 
to  be  abundantly  supplied.  There  is  no 
texture  so  impenetrable,  which  is  not  tra¬ 


versed  by  giving  and  receiving  vessels ; 
and  there  is  no  organ  so  distant  which 
arteries  do  not  reach,  and  from  which 
veins'  do  not  rise.  From  microscopical 
observation,  Leuwenhoeek  was  induced 
to  conclude,  that  there  were  upwards  of 
1,000  different  circulations  within  every 
square  inch  of  the  human  body ;  and 
such  minute  distribution  of  the  blood 
is  not  a  more  striking  feature  of  this 
function,  than  the  undeviating  accu¬ 
racy  with  which  every  nutrient  particle 
of  the  general  mass  is  deposited  in  its 
proper  place.  Osseous  matter  is  laid 
down  where  bone  is  necessary ;  fleshy 
fibre  is  formed  where  muscle  is  re¬ 
quired  ;  and  cellular  tissue  is  secreted 
where  neither  bone  nor  muscle  could 
be  substituted.  Perhaps,  in  the  wide 
range  of  Nature’s  splendid  operations, 
there  is  not  to  be  found  a  more  perfect, 
or  a  more  extensive  series  of  effects, 
resulting  from  a  less  complicated  piece 
of  mechanism,  than  is  witnessed  in 
the  circulating  system  :  a  mechanism 
whereby  tissues  the  most  different  are 
constructed  out  of  the  same  fluid,  and 
vessels  externally  alike  elaborate  se¬ 
cretions  which  have  scarcely  one  point  in 
common.  Between  the  blood  going  to 
the  stomach,  and  that  which  supplies 
the  kidneys,  no  difference  is  discover¬ 
able  ;  yet  the  fluids  secreted  by  these 
organs  are  totally  dissimilar  ;  the  ves¬ 
sels  which  supply  the  teeth  and  those 
which  support  the  brain,  appear  exter¬ 
nally  alike,  yet  there  are  not  two  sub¬ 
stances  in  nature  more  opposite  than 
nerve  and  enamel.  Muscular  fibre  is 
never  deposited  where  cartilage  was 
wanted ;  bile  is  never  eleminated  where 
saliva  should  be  formed.  Each  tissue 
is  deposited  in  its  proper  place  ;  and  not 
only  in  its  proper  place,  but  in  its  pro¬ 
per  time  ;  and  not  only  in  its  proper 
time,  but  also  in  its  proper  quantity. 
When  a  bone  is  broken,  osseous  matter 
is  immediately  thrown  into  the  fracture 
by  the  vessels  of  the  part.  When  a 
nerve  is  divided,  nervous  matter  is 
brought  to  the  divided  organ,  and  the 
nerve  is  healed.  When  cuticle  has  been 
destroyed,  a  new  layer  of  skin  is  in¬ 
stantly  substituted.  And  when  a  piece 
of  flesh  has  been  cut  out,  granulations 
instantly  arise,  and  fill  up  the  cavity 
which  had  been  formed.  But  no  sooner 
has  the  bone  united,  than  the  influx  of 
ossifie  particles  ceases  ;  and  the  moment 
that  granulation  Has  raised  the  wounded 
part  to  a  level  with  the  surface,  the 
deposition  of  muscular  fibre  stops,  and 
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the  formation  of  skin  begins.  Did  the 
production  of  skin  commence  before 
granulation  had  filled  up  the  cavity, 
deformity  would  be  the  consequence ; 
or  did  granulation  continue  after  the 
cavity  had  been  filled  up,  the  formation 
of  skin  would  be  prevented.  Granu¬ 
lation  continues,  therefore,  as  long  as  it 
is  required,  and  ceases  when  its  conti¬ 
nuance  would  be  hurtful,  and  the  secre¬ 
tion  of  skin  begins  only  when  the  other 
process  has  been  completed,  and  termi¬ 
nates  as  soon  as  the  part  is  perfect. 

Among  the  many  objects  contem¬ 
plated  in  the  circulation  of  the  blood, 
one  of  the  most  important  is  its  purifi¬ 
cation  in  the  lungs.  It  has  been  al¬ 
ready  shewn  that  in  birds  and  the 
mammalia,  a  second  heart  is  added  to 
the  ordinary  circulating  system  of  cold¬ 
blooded  animals,  for  the  specific  purpose 
of  enabling  the  blood  to  undertake  a 
second  circulation  through  the  lungs, 
previously  to  its  distribution  throughout 
the  body.  This  lesser  circulation  in  man 
is  as  constant  and  as  necessary  as  the 
first ;  and  the  objects  which  it  accom¬ 
plishes  are  of  the  very  same  nature  with 
those  attained  by  the  general  circulation. 
During  the  passage  of  the  blood  through 
the  body,  nutritious  matter  is  thrown 
out,  and  refuse  matter  is  taken  in ;  solids 
are  formed,  and  fluids  are  eleminated  : 
and  during  its  passage  through  the 
lungs,  vital  properties  which  it  had  lost 
are  received,  and  noxious  qualities 
which  it  had  contracted  are  removed. 
Secretion  and  nutrition  are  thus  per¬ 
formed  by  both  circulations  ;  but  before 
the  nature  and  extent  of  the  changes 
which  the  blood  experiences  by  respi¬ 
ration  can  be  duly  estimated,  the  ana¬ 
tomy  and  theory  of  this  function  must 
be  understood'. 


On  Respiration. 

It  has  been  already  observed,  that 
wherever  there  is  an  organ  appropriated 
to  the  function  of  digestion,  there  must 
be  some  kind  of  circulating  system 
for  conveying  the  digested  nutriment 
where  it  is  required.  In  like  manner, 
wherever  there  are  organs  appropriated 
to  the  purposes  of  the  circulation,  there 
must  be  a  respiratory  apparatus  for  re¬ 
novating  the  blood,  as  it  deteriorates  in 
its  passage  through  the  body.  These 
three  functions  are  inseparably  con¬ 
nected.  Stop  the  circulation,  and  diges¬ 


tion  will  cease ;  destroy  digestion,  and 
the  circulation  will  cease ;  and  let  respi¬ 
ration  be  arrested,  and  both  of  the  other 
processes  will  soon  be  at  a  stand.  Chyle 
is  not  more  necessary  for  the  formation 
of  blood,  than  air  is  for  its  purification ; 
and  venous  or  deteriorated  blood  is  as 
useless  to  the  general  system  as  chyle, 
before  it  has  been  subjected  to  the  in¬ 
fluence  of  the  air.  The  lungs  may  thus 
be  regarded  as  a  second  stomach,  and 
respiration  as  a  second  digestive  func¬ 
tion.  When  food  enters  the  stomach, 
its  nutrient  particles  are  separated  from 
the  crude  mass  and  converted  into  chyle. 
When  air  enters  the  lungs,  its  vital  pro¬ 
perties  are  separated  for  the  purification 
of  the  blood.  The  nutritious  ingredients 
of  both  substances  are  extracted  and 
made  subservient  to  the  purposes  of  life, 
and  their  residual  principles  are  expelled 
as  useless  and  hurtful.  The  stomach 
digests  food,  the  lungs  digest  air.  Diges¬ 
tion  is  necessary  to  form  chyle,  and  res¬ 
piration  is  necessary  to  convert  that 
chyle  into  vital  fluid ;  so  that  the  proper 
animalization  of  our  food  is  completed 
in  the  lungs,  and  not  in  the  stomach. 

“  To  breathe  and  to  eat"  are  expres¬ 
sions,  therefore,  more  synonymous  than 
at  first  view  they  may  appear ;  and  “  to 
expire  and  to  die  ’’  have  been  long  known 
as  different  modes  of  communicating  the 
same  idea. 

The  intimate  connection  between  diges¬ 
tion  and  respiration  is  still  more  strongly 
shown  by  the  fact  that  in  many  animals, 
of  which  the  simple  structure  is  incom¬ 
patible  with  complex  function,  the  same 
organ  is  made  to  serve  both  as  a  diges¬ 
tive  and  a  respiratory  apparatus.  In  the 
lowest  forms  of  zoophytes,  the  skin  both 
respires  and  digests, — inhales  both  air 
and  water.  In  many  insects,  a  portion 
of  the  intestinal  canal  performs  the  office 
of  lungs;  and  in  some  the  intestine 
opens  into  the  respiratory  cavity.  Even 
in  man  it  is  certain  that  the  skin  is  a 
breathing  and  an  absorbing  organ ;  and 
calculations  have  been  made  by  physio¬ 
logists  relative  to  the  quantity  of  air  it 
expires  and  ofwater  it  inhales,  throughout 
the  day.  Finding,  then,  that  the  same 
texture  which  forms  blood  can  also  purify 
it;  and  having  seen,whenonthe  subject 
of  the  circulation,  that  the  dorsal  vessels 
of  insects  might  be  considered,  with  as 
much  propriety,  an  intestinal  canal  as 
the  first  rudiment  of  a  circulating  system, 
it  is  natural  to  expect  that  there  should 
be  as  great  a  variety  in  the  structure  of 
the  respiratory  apparatus  as  in  the  ma- 
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chinery  of  the  digestive  and  circulating 
functions,  and  that  the  steps  by  which 
it  rises  to  its  most  perfect  state  should 
be  analogous. 

The  habits  of  different  animals  are 
so  varied,  and  the  elements  which  they 
inhabit  so  opposite,  that  to  support  a 
function  so  universal  as  that  of  respira¬ 
tion,  and  for  the  efficient  discharge  of 
which  a  constant  supply  of  air  is  neces- 
.sary,  requires  a  mechanism  difficult 
of  contrivance.  Animals  which  live 
in  water  cannot  breathe  by  the  same 
organs  as  those  which  live  in  air;  and 
worms,  which  lie  buried  in  the  bow’els  of 
the  earth,  must  exercise  a  very  different 
function  from  birds, which  respire  in  ele¬ 
vated  regions  of  the  atmosphere.  Nature, 
has  accordingly  adapted  her  form  of  ap¬ 
paratus  to  the  necessities  of  the  animal, 
and  the  success  with  which  this  adapta¬ 
tion  has  been  made  will  be  abundantly 
apparent  as  we  proceed. 

In  some  creatures,  whose  simple  sys¬ 
tems  require  little  nourishment  and  ad¬ 
mit  of  little  expenditure,  this  function 
is  exceedingly  limited,  and  no  specific 
organ  is  set  apart  for  its  performance. 
In  the  hydatid,  for  example,  which  is 
merely  an  animal  bag  filled  with  fluid, 
respiration  is  conducted  as  it  is  in  the 
vegetable,  by  the  surface  of  the  skin  ; 
and  in  zoophytes  generally  the  blood  is 
aerated  by  the  same  organ  which  ab¬ 
sorbs  the  nutriment  out  of  which  it  is 
made.  In  such  beings  the  best  glasses 
nave  as  yet  failed  to  discover  a  distinct 
••espiratory  apparatus ;  and,  therefore, 
i.ome  have  concluded  that  they  do  not 
icspire.  But  when  the  air  with  which 
ftiey  have  been  for  some  time  surround¬ 
ed,  is  examined,  it  exhibits  those  altera¬ 
tions  in  its  properties  which  respiration 
is  known  to  make ;  and  when  they  are 
immersed  in  fluids,  from  which  all  air 
has  been  expelled  by  boiling,  they  lan¬ 
guish  and  die.  Although,  therefore, 
there  be  every  reason  to  believe  that 
the  skin,  even  in  the  most  perfect  sys¬ 
tems,  has  some  community  of  office 
with  the  lungs,  respiration  by  the  skin 
must  be  regarded  as  the  first  and  lowest 
form  of  this  function.  And  when  it  is 
considered  that  the  majority  of  such 
creatures  as  respire  in  this  way  are  in- 
nabitants  of  water,  it  will  be  evident,  as 
well  from  the  inconvenience  of  the  me¬ 
dium  as  from  the  imperfection  of  the 
apparatus,  that  in  them  little  air  is 
necessary  for  the  purposes  of  life. 

When  we  ascend  another  step  how¬ 
ever  in  the  scale  of  being,  this  func¬ 


tion  is  more  amply  developed.  The 
air  is  no  longer  confined  in  its  action  to 
the  surface ;  it  has  access  to  every  part 
of  the  body  by  means  of  air-tubes.’called 
trachea,  which  are  not  unlike  arteries  in 
form  and  distribution  (Jig.  61.)  They 
circulate  air  as  the  arteries  do  blood ; 
they  send  branches  into  every  part  ; 


Represents  the  distribution  of  the  trachea?  in  the 
wing  of  the  butterfly. 


and  they  open  upon  the  external  sur¬ 
face  by  apertures,  called  stigmata,  (fig. 
62,  and  Jig.  63,)  which  are  differently 


Lateral  stigmata,  as  seen  in  thebee-wor:n 


Fig.  63. 


The  Microscopic  Louse,  shewing  its  surface  covered 
with  sp'iracula. 

formed,  and  exhibit  great  variety  in 
their  number.  In  grasshoppers  they 
consist  of  fissures  formed  of  an  anterior 
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and  posterior  lip,  which  being  sur¬ 
rounded  by  muscular  fibres,  can  close  or 
open  at  pleasure.  In  the  willow  cater¬ 
pillar  they  are  circular,  and  in  the 
larva  of  the  cockchafer  they  are  guard¬ 
ed  by  a  cribriform  membrane,  through 
small  apertures  in  which  the  air  is  ad¬ 
mitted.  Since  there  is  no  texture  or 
organ  from  which  these  air-vessels  are 
excluded,  not  even  the  membranes  com¬ 
posing  their  own  trunks,  the  bodies  of 
such  insects  as  breathe  by  tracheae 
may  be  looked  upon  with  some  force  of 
analogy  as  little  else  than  lungs.  To 
have  set  apart  in  them  a  single  organ, 
large  enough  for  the  purposes  of  respira¬ 
tion,  and  yet  proportioned  to  the  size 
of  the  general  system,  would  have  been 
impossible.  From  the  habitudes  of  in¬ 
sects,  it  was  much  better,  and  from  the 
peculiarities  of  their  circulation,  it  was 
much  easier,  to  send  air  to  their  blood, 
than  it  was  to  send  their  blood  to  the  air. 
In  them,  accordingly,  the  respiratory 
and  sanguiferous  systems  are  reversed, 
when  they  are  compared  with  those 
which’  obtain  in  man.  In  the  human 
system  it  is  the  blood  which  goes  to  be 
purified  by  the  air ;  but  in  insects  it  is 
the  air  which  goes  to  purify  the  blood. 
In  insects  the  body  is  traversed  with 
air-tubes  in  place  of  blood  vessels,  and 
their  whole  system  breathes ;  but  in 
man  the  respiratory  apparatus  is  limited 
to  a  certain  spot,  and  the  function  is 
performed  by  a  single  organ.  The 
quantity  of  air  consumed  by  such  ani¬ 
mals  is  large  in  proportion  to  their  size ; 
and  when  the  active  habits  which  dis¬ 
tinguish  many  of  them  are  considered, 
the  relation  between  the  extent  of  this 
function  and  the  energy  of  life  can 
scarcely  be  overlooked.  Insects  among 
the  cold-blooded  animals  are  what 
birds  are  among  the  hot — the  only  class 
which  can  fly,  and  most  of  those  among 
them  which  have  no  wings,  as  the  com¬ 
mon  centipede ,  excel  in  a  vivacity  of  habit 
and  tenacity  of  life.  Several  species  of 
this  class,  which  are  obliged  to  breathe 
under  water,  and  yet  are  furnished  with 
tracheae,  manage  it  by  a  very  simple 
contrivance.  In  consequence  of  the 
glutinous  matter  with  which  the  hair 
upon  their  skin  is  covered,  the  water  is 
prevented  from  coming  into  contact  with 
their  surface  ;  so  that  they  literally 
breathe  within  an  air-bubble,  and  swim 
in  a  kind  of  natural  diving-bell.  The 
water-spider  and  water-beetle  belong  to 
this  description  of  insects.  The  nepa  is 
also  an  aquatic  insect,  but  not  being 


encompassed  with  an  air-bubble,  it  is 
compensated  for  the  want  of  it  by  having 
respiratory  tubes  near  the  anus  in  the 
form  of  long  bristles,  through  which  it 
can  obtain  air  from  the  surface  of  the 
water. 

The  ordinary  method  in  which  aquatic 
animals,  that  have  to  remain  constantly 
beneath  the  surface  of  water,  respire, 
is  by  branchice,  or  gills  (fig.  64.) 


Gills  of  an  Oyster,  d ,  the  triangular  canal  through 
which  water  is  sent  to  the  gills  ;  e,  the  holes  by 
which  water  is  sent  to  every  feather  of  the  gil.s; 
/,/,  the  fimbriated  extremities  of  the  gills. 

Many  insects  and  worms,  all  the 
Crustacea  and  fishes,  breathe  by  gills 
only.  These  organs  are  very  dif¬ 
ferent  in  construction,  situation,  and 
number.  In  the  thetis  they  appear  as 
fourteen  distinct  tufts  on  each  side  of 
the  back.  In  th eglaucus  they  are  fin- 
shaped.  In  some  they  are  disposed  in 
the  form  of  tiles,  in  others  they  ai-e 
pencils  of  small  filaments.  Sometimes 
they  are  situated  upon  the  external  sur¬ 
face,  but  more  generally  they  are  found 
in  the  interior  of  the  body.  In  the  deca- 
poda  they  are  attached  to  the  base  of  the 
feet.  In  the  branchiopoda  they  are 
placed  under  the  tail  and  fins,  and  in  the 
cephalopoda  they  are  enclosed  within  a 
bag,  which  communicates  externally  by 
a  funnel-shaped  aperture  upon  the  neck. 
This  bag  is  muscular,  and  can  be  filled 
and  emptied  as  fresh  water  is  required 
for  the  branchiae.  In  the  aphrodite 
aculeata  their  number  amounts  to  forty 
pairs ;  the  lumbricus  marinus  has  four¬ 
teen  pairs,  which  occupy  the  middle  of 
the  back ;  and  in  the  s epics  there  are 
two  only,  one  on  each  side  of  the  peri¬ 
toneal  sac. 

The  branchiae  in  fishes  are  situated  on 
each  side  of  the  neck,  and  have  a  free 
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communication  with  the  mouth,  of  which 
they  may  be  considered  as  forming  the 
back  part.  They  are  composed  of  la¬ 
minae,  fixed  by  their  base  to  the  convex 
sides  of  cartilaginous  arches,  but  free 
and  unattached  at  their  superior  extre¬ 
mity.  These  laminae  are  long,  narrow, 
and  pointed,  and  set  so  closely  to  each 
other  that  they  resemble  the  barbs  of  a 
feather,  or  the  teeth  of  a  comb  (fig. 
65,  a,  a.)  The  pulmonary  artery. 


The  Gills  of  a  Trout,  a,  a,  the  fimbriated  texture  of 
the  gills ;  6,  the  heart ;  c,  c,  c,  the  bronchial,  or 
pulmonary  artery,  which  conveys  all  the  blood 
from  the  heart  to  the  gills. 

which  rises  from  the  ventricle  of  the 
heart  in  fishes,  is  spent  upon  the  gills 
(.fig.  65,  c,  c,  c.)  Each  pair  of  laminae 
receive  a  branch  from  it,  which  ascends 
along  their  internal  edge,  giving  off  many 
lateral  branches  as  it  proceeds.  When 
it  reaches  the  apex  it  pours  its  blood 
into  returning  vessels,  which  unite  after 
theyleavethe  gills  and  form  the  aorta,  by 
which  the  rest  of  the  body  is  supplied. 
During  this  circulation  of  the  blood  upon 
the  gills,  the  required  alterations  are 
effected,  and  the  use  of  these  laminae  is 
to  afford  a  sufficient  surface  for  the  play 
of  vessels,  that  the  air  contained  within 
the  water  which  the  fishes  swallow, 
(in  order  to  drive  it  among  the  bran¬ 
chiae,  )  may  act  upon  the  largest  quantity 
of  blood  with  the  greatest  possible  ad¬ 
vantage.  The  extent  of  surface  thus 
obtained  is  very  great.  Monroe  has  cal¬ 
culated  that  in  the  gills  of  the  skate  it 
is  nearly  equal  to  the  whole  external 
surface  of  the  human  body,  or  to  more 
than  fifteen  square  feet.  Along  this 
vascular  surface  the  water  is  made  to 
play  with  considerable  force,  that  the 
air  suspended  in  it,  by  being  more 


strongly  impinged  against  the  coats  of 
the  blood-vessels,  may  more  certainly 
act  upon  the  blood  which  they  contain. 

Three  different  types  of  the  respiratory 
function  have  now  been  noticed.  In 
zoophytes  and  a  few  species  of  worms, 
the  external  skin  is  the  only  breathing 
organ.  A  very  large  proportion  of  in¬ 
sects  respire  by  tracheae,  or  air-vessels, 
and  aquatic  animals  breathe  by  means 
of  branchiae,  or  gills.  The  next  decided 
step,  which  is  taken  towards  the  esta¬ 
blishment  of  a  more  perfect  function, 
is  the  introduction  of  bodies  called  lungs, 
which  are  membranous  bags,  divided 
into  cells,  and  adapted  for  containing 
air  and  blood. 

But  between  this  and  the  preceding 
forms  a  few  animals  are  found,  whose 
respiratory  apparatus  may  be  mentioned 
as  the  connecting  link.  These  are  pos¬ 
sessed  of  a  double  set  of  breathing 
organs— branchiae  and  lungs.  By  the 
former  they  are  connected  with  fishes, 
insects,  and  worms,  and  by  the  latter, 
with  mammalia,  birds,  and  reptiles.  In 
the  siren  there  are  three  tufts,  or  bran¬ 
chiae,  on  each  side  of  as  many  vertical 
slips  placed  in  succession  behind  the 
head,  and  through  which  water  received 
by  the  mouth  is  forcibly  discharged.  In 
the  proteus  there  are  likewise  three 
branchiae  of  a  deep-red  colour,  which 
open  by  three  distinct  apertures  upon 
the  sides  of  the  skull.  But  in  both  siren 
and  proteus  there  are,  besides  these 
aquatic  organs,  two  cylindrical  bags 
situated  in  the  abdomen,  which  act  the 
part  of  lungs.  Each  of  these  bags  con¬ 
sists  of  a  single  cavity,  internally  lined 
with  a  very  vascular  membrane,  and 
communicating  with  the  external  air  by 
an  air-pipe  or  trachea,  which  opens  upon 
the  surface  between  two  rounded  mai-- 
gins.  The  tadpoles  of  frogs,  toads,  and 
salamanders  exhibit  a  similar  union  of 
respiratory  organs. 

These  creatures,  thus  anatomically 
allied  to  aquatic  and  aerial  beings,  are 
called  amphibious ;  because  being  pos¬ 
sessed  of  both  gills  and  lungs,  they  can 
respire  equally  well  in  air  and  water,  as 
circumstances  may  require.  In  addition 
to  these  many  other  species  have  been 
very  generally  esteemed  amphibious; 
as,  for  example,  otters,  seals,  frogs,  and 
lizards,  but  it  is  now  ascertained  that 
they  can  breathe  air  only,  and  when 
they  descend  into  water,  do  so  merely 
for  the  sake  of  procuring  food.  Elu- 
menbach  observes  that  water-newts, 
when  placed  in  a  deep  vessel  filled  with 
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water,  are  seen  to  rise  frequently  into 
the  air  in  order  to  breathe ;  and  it  is 
well  known  to  fishermen  that  turtles 
cannot  continue  beneath  the  surface  for 
any  considerable  length  of  time. 

With  the  exception  of  the  batrachia, 
reptiles  inspire  air  alone,  and  can,  t  here- 
fore,  only  breathe  with  lungs.  These 
organs  are,  however,  at  first  very  simply 
constructed.  In  place  of  consisting  of 
a  great  number  of  cells,  connected  to¬ 
gether  by  cellular  substance,  and  en¬ 
closed  within  one  common  envelope,  as 
they  appear  in  the  Mammalia,  they  are 
merely  large  bags  or  sacs,  lined  with  a. 
very  vascular  membrane,  into  which 
air  is  alternately  admitted  and  expelled 
through  a  trachea,  or  air  tube,  which 
communicates  with  the  mouth.  In  the 
aphidia  this  air-tube  opens  into  the 
bag  by  a  single  orifice.  In  the  croco¬ 
dile  it  divides  into  bronchi  before 
reaching  the  lung;  and  in  the  turtle 
each  bronchus  penetrates  the  substance 
of  the  lung  to  its  remotest  point. 

It  has  been  already  stated,  that  in  the 
cephalopoda  the  branchiae  are  enclosed 
;n  a  bag,  very  similar  to  this  pulmonary 
sac,  or  rudimental  lung ;  and  that  in  the 
siren  the  branchiae  and  the  bag  are 
separated,  and  placed  in  different  parts 
of  the  body.  Here  the  branchiae  are  en¬ 
tirely  removed,  and  the  bag  alone  re¬ 
mains  ;  so  that  the  steps  are  slow  but 
obvious,  by  which  organization  rises  to 
maturity.  The  lung  of  a  salamander 
is  exactly  like  the  branchial  bag  of  the 
cephalopoda,  after  the  branchiae  have 
been  removed.  In  the  colubes  natrix 
the  same  structure  is  preserved,  with 
this  exception,  that  the  bag  is  larger  in 
proportion,  and  that  the  internal  surface 
of  its  anterior  half  is  beautifully  reticu¬ 
lated  like  the  interior  of  the  second  sto¬ 
mach  of  ruminating  mammalia.  This 
appearance  may  be  regarded  as  the  first 
attempt  at  the  division  of  the  sac  into 
cells.  In  the  lungs  of  a  frog  these  cells 
are  very  evident,  and  in  the  turtle  they 
are  numerous  and  large.  Serpents  have 
only  a  single  sac  or  lung,  which  extends 
from  the  oesophagus  to  the  lower  mar¬ 
gin  of  the  liver ;  the  siren  lacertina  has 
two,  which  stretch  to  the  end  of  the  ab¬ 
dominal  cavity,  and  in  the  cameleon  they 
are  so  large,  that  this  creature  can,  by 
inflating  them,  swell  itself  up  to  ari 
amazing  size.  Reptiles,  in  this  respect, 
differ  from  all  other  animals.  In  birds 
and  the  mammalia  the  air-cells  of  the 
lungs  are  small  but  numerous,  and  well 
adapted  for  the  reception  of  air ;  their 


lungs  are  compact  and  of  moderate  size, 
but  amply  supplied  with  blood.  Thelungs 
of  reptiles,  however,  are  large,  floating, 
and  unconfined  among  the  viscera  of 
the  abdomen ;  divided  into  few  cells,  and 
scantily  furnished  with  vital  fluid  ( fig 
66,/,/.)  This  difference  of  respiratory 


The  Lungs  of  a  Frog,  a  a,  the  liver;  b,  the  spleen; 
c,  the  stomach ;  dy  the  intestines  ;  ee ,  the  heart; 
f  f  the  lungs. 

apparatus  between  reptiles  and  warm¬ 
blooded  animals  is  partly  accounted 
for  by  the  difference  of  their  circulating 
functions.  In  the  latter  all  the  blood 
must  be  passed  through  the  lungs,  and 
must  be  purified  by  the  air  before  it  can 
circulate  through  the  body ;  while  in  the 
former  not  more  than  one-third  requires 
to  be  subjected  to  such  an  ordeal. 

Before  leaving  the  subject  of  respira¬ 
tion  among  cold-blooded  animals,  we 
cannot  refrain  from  a  few  remarks  upon 
the  wisdom  with  which  the  deficiencies 
of  one  function  are  compensated  by  the 
greater  developement  of  another.  Thus, 
in  fishes  all  the  blood  passes  through  the 
gills  before  it  circulates  through  the  sys¬ 
tem  ;  while  in  reptiles  a  portion  only  is 
sent  for  purification  to  the  lungs.  The 
influence  of  these  different  arrangements, 
however,  upon  the  blood  is  not  so  great 
as  at  first  view  might  be  imagined. 
These  two  classes  of  beings  inhabit  very 
different  elements.  The  skate  breathes 
in  water,  the  frog  breathes  in  air ;  the 
blood  of  the  one  is  freely  exposed  to  the 
purifying  principle,  that  of  the  other  is 
acted'  upon  by  it  only  through  the  in¬ 
strumentality  of  an  inconvenient  me¬ 
dium.  While,  therefore,  only  a  portion 
of  the  blood  in  reptiles  can  be  purified 
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during  each  circulation,  seeing  that  a 
portion  only  is  exposed  to  the  purifying 
principle,  the  blood  in  fishes  can  also  be 
only  partially  purified  during  each  circu¬ 
lation,  since  it  is  exposed  to  a  medium 
which  is  only  partially  qualified  for  that 
purpose.  In  the  one  case  there  is  an  im¬ 
perfect  circulation,  in  the  other  an  im¬ 
perfect  respiration ;  and  since  it  must  be 
a  matter  of  little  moment  whether'  ten 
ounces  of  blood  be  only  half  purified, 
or  the  half  of  ten  ounces  be  wholly  pu¬ 
rified,  the  ultimate  effect  of  this  dif¬ 
ference  of  arrangement  in  these  different 
animals  must  be  very  much  the  same. 
The  perfection  of  the  medium  in  which 
reptiles  live  compensates  for  their  pul¬ 
monary  circulation  being  partial ;  and 
the  complete  pulmonary  circulation  of 
fish  compensates  for  their  imperfect  me¬ 
dium.  Both  classes  of  animals  circulate 
blood  alike  cold,  and  execute  functions 
alike  tardy. 

The  respiration  of  birds  is  distinguished 
by  many  interesting  peculiarities,  (fig. 
6  7.)  Formed  with  wings  and  other  or- 
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gans  for  the  purposes  of  flight,  the  loose 
and  ponderous  lungs  of  reptiles  would 
have  been  highly  incommodious;  and 
possessed  of  a  double  heart  for  conduct¬ 
ing  a  double  circulation,  such  a  respira¬ 
tory  apparatus  as  could  expose  a  suf- 
•  ficient  quantity  of  blood  to  a  sufficient 


quantity  of  air  was  indispensable. — 
Means  have  been  accordingly  employed 
for  the  attainment  of  these  objects. 

To  prevent  the  inconveniences  of  mo¬ 
tion,  the  lungs  are  not  free,  but  fixed ; 
not  allowed  to  float  without  restraint 
in  the  cavity  of  the  chest,  but  niched 
down  between  the  ribs  on  each  side 
of  the  dorsal  spine.  And  to  ensure 
the  full  arterialization  of  the  blood, 
without  interfering  with  the  natural 
habits  of  the  animal,  air  is  allowed  to 
every  organ,  and  respiration  is  carried 
on  in  every  part.  In  addition  to  two 
solid  and  fleshy  lungs,  which  are 
firmly  fastened  down  between  the  inter¬ 
costal  spaces  in  the  back  part  of  the 
chest,  there  are  sacs  or  bags  of  con¬ 
siderable  size,  not  unlike  the  lung  of  a 
salamander,  scattered  over  the  other 
viscera  of  the  abdomen,  which  commu¬ 
nicate  with  the  lungs  and  with  each 
other,  are  formed  to  contain  air,  and  fill 
and  empty  as  the  bird  inspires  or  ex¬ 
hales.  Similar  air-cells  exist  exter¬ 
nally  between  the  muscles;  the  bones 
themselves,  which  in  the  mammalia  con¬ 
tain  marrow,  are  in  birds  filled  with 
air ;  and  it  is  a  remarkable  fact,  that  the 
quantity  of  air  which  they  individually 
contain  is  proportioned  to  the  influence 
which  they  exert  on  the  loco-motion  of 
the  body.  Thus,  in  the  eagle  and  other 
birds  of  flight,  the  bones  which  support 
the  wings  are  filled  with  air ;  while  in 
such  as  the  puffin,  whose  wings  are  un¬ 
equal  to  any  lengthened  flight,  or  the 
ostrich,  which  prefers  to  run,  air-cells 
are  found  in  greatest  numbers  within 
the  bones  of  the  leg  and  thigh. 

The  manner  in  which  these  pneumatic 
cavities  communicate  with  the  proper 
lungs  of  the  bird,  is  very  simple.  When 
the  trachea  enters  the  lungs,  it  divides 
into  many  branches.  Some  of  these  are 
wholly  expended  upon  the  texture  of 
these  organs,  while  others,  without  giv¬ 
ing  off  any  branches  in  their  course, 
proceed  directly  to  the  surface  of  the 
lung,  upon  which  they  terminate  by  open 
mouths.  These  air-holes,  or  branchial 
apertures,  are  covered  by  some  of  the 
air-cells  which  surround  the  lungs; 
these  air-cells  open  into  others,  and  thus 
a  free  intercourse  is  established  with 
every  part  of  the  system  ;  so  that  the 
air  which  enters  the  lungs  by  the  trachea 
from  the  fauces,  can  pass  out  of  them 
through  the  air-holes  upon  their  surface 
into  the  air-cells,  whether  they  lie  within 
the  bones,  among  the  muscles,  or  in  the 
abdomen. 
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The  beauty  o'  this  contrivance  is 
equalled  only  hy  its  importance.  Inde¬ 
pendently  of  a  perfect  supply  of  air  being 
thus  furnished  at  all  seasons,  for  the 
purposes  of  respiration,  without  any  in¬ 
convenience  to  the  general  system,  the 
relative  weight  of  the  body  is  materially 
diminished,  the  difficulty  of  breathing  in 
a  very  rarified  atmosphere  is  counter¬ 
acted,  and  the  necessity  of  a  frequent 
respiration  during  rapid  flight  may  be 
dispensed  with.  It  is  also  probable,  that 
while  on  wing,  birds  can  rise  or  fall  at 
pleasure,  by  filling  or  emptying  their 
air-cells,  as  fishes  do  by  inflating  or  col¬ 
lapsing  their  air-bladder,  and  it  has  been 
conjectured  by  Mr.  Hunter,  that  these 
cells  are  in  some  degree  connected  with 
their  musical  faculty. 

In  the  mammalia,  this  function  attains 
its  most  perfect  state.  Into  the  con¬ 
struction  of  their  pulmonary  system 
every  anatomical  and  physiological  ad¬ 
vantage  has  been  introduced  which  could 
render  it  complete ;  the  superior  mecha¬ 
nism  of  their  lungs,  the  number  of  their 
air-cells,  the  minuteness  of  their  blood¬ 
vessels,  their  position  within  a  case 
which  can  contract  and  dilate  at  plea¬ 
sure,  and  the  variety  of  means  which  are 
employed  to  fill  and  empty  them  with 
air,  while  they  themselves  continue  pas¬ 
sive, — these  and  many  other  circum¬ 
stances,  which  will  hereafter  receive  far¬ 
ther  notice,  indicate  the  anxiety  which 
has  been  displayed  to  endow  this  class  of 
beings  with  a  respiratory  apparatus 
worthy  of  working  in  connection  with 
that  admirable  circulating  system  which 
they  enjoy,  and  which  has  already  been 
described.  But,  without  premising  any 
additional  remarks  upon  the  respiration 
of  the  mammalia  generally,  we  shall  at 
once  proceed  to  explain  it  as  it  appears 
in  man,  and  with  this  view  shall,  in  the 
first  place,  briefly  describe  its  anatomy, 
secondly,  its  mechanism,  thirdly,  its  the¬ 
ory,  and  lastly,  its  effects. 

Anatomy  of  the  Pulmonary  System. 

The  thorax  or  chest  is  a  conical  cavity, 
(.fig.  68,)  the  apex  of  which  is  formed  by 
the  neck,  and  the  base  by  a  muscle  called 
the  diaphragm,  which  separates  it  from 
the  abdomen.  Externally  it  is  protected 
by  bone ;  on  the  front  by  the  breastbone, 
(fig.  68,  a) ;  behind  by  the  spine  or  back¬ 
bone  (fig.  68,  b,  b),  and  on  each  side  by 
the  ribs  (fig.  68,  c,  c,  c,  c .)  These  bones 
are  connected  by  ligaments  and  joints,  and 
give  attachment  to  muscles  which  serve 
to  regulate  their  motions.  Within,  it  is 
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divided  by  a  lining  membrane  called  the 
pleura  into  three  large  compartments, 
independent  of  several  smaller  and  less 
important  cavities.  In  the  largest  of 
these  is  contained  the  right  lung,  in  the 
smallest  the  heart,  and  the  left  lung  lies 
within  the  third  compartment  (fig.  75, 
a,  b,  b.) 

All  the  parts  concerned,  therefore,  in 
the  respiration  of  man  may  be  arranged 
into  three  divisions.  First,  the  bones  w'hich 
form  the  respiratory  cavity;  secondly, 
the  muscles  by  which  these  bones  are 
moved  and  the  size  of  the  cavity  regu¬ 
lated  ;  and  thirdly,  the  respiratory  or¬ 
gans  contained  within  the  cavity.  Be¬ 
longing  to  the  first  division  are  the  ster¬ 
num  or  breastbone,  twelve  dorsal  ver¬ 
tebrae,  and  twenty-four  ribs.  Several 
pairs  of  muscles,  and  the  diaphragm, 
constitute  the  second  division  ;  and  the 
trachea,  larynx,  and  lungs  are  compre¬ 
hended  by  the  third. 

Between  the  anterior  extremities  of 
the  ribs  and  situated  over  the  heart,  lies 
the  sternum,  or  breastbone.  (See  fig.  68, 
a.)  It  is  a  light  and  spongy  bone,  de¬ 
pending  principally  for  its  strength  upon 
the  numerous  ligaments  which  cover  it. 
In  the  child  it  is  divided  by  cartilaginous 
partitions  into  eight  pieces,  which,  as  life 
advances,  are  reduced  to  three,  and  in  old 
age  are  united  into  one.  Its  lower  end 
gives  rise  to  a  sharp-pointed  cartilage 
which  lies  over  the  stomach  and  may  be 
felt  externally  :  its  upper  end  is  some¬ 
what  hollowed  in  the  middle,  to  allow 
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the  trachea  or  windpipe  to  pass  under 
it;  and  on  each  side  there  are  seven 
oval  depressions  for  admitting  the  car¬ 
tilaginous  extremities  of  the  first  seven 
ribs.  The  connections  and  situation  of 
the  sternum  prevent  it  from  having  any 
motion  of  its  own ;  it  therefore  follows 
to  a  certain  extent  the  movements  of  the 
ribs  to  which  it  is  articulated. 

The  spine,  or  what  is  vulgarly  called 
the  backbone,  (fig.  68,  b,  b,)  is  com¬ 
posed  of  twenty-four  very  irregular 
bones,  which  are  separated  from,  yet 
connected  with,  each  other  by  as  many 
intermediate  pieces  of  cartilage.  These 
bones  are  called  vertebrce,  and  the 
cartilages  which  connect  them  are 
styled  from  their  position  intervertebral 
cartilages  (Jig.  69.)  These  twenty-four 

Fig.  69. 


spinous  process ;  d  dy  the  transverse  processes  ; 
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vertebrae  are  arranged  into  three  classes ; 
the  cervical,  dorsal,  and  lumbar  verte¬ 
brae.  The  first  seven  are  the  cervical, 
because  they  belong  to  the  neck;  the 
next  twelve  are  the  dorsal,  because  they 
belong  to  the  back ;  and  the  last  five  are 
the  lumbar,  because  they  are  situated  in 
the  loins.  Peculiarities  of  form  as  well  as 
of  situation,  distinguish  these  different 
orders,  but  as  a  knowledge  of  the  dorsal 
vertebrae  will  be  sufficient  for  our  pur¬ 
pose,  the  present  description  will  be 
confined  to  them.  Each  of  the  twelve 
dorsal  vertebrae  consists  of  a  body,  four 
articulating  processes,  two  transverse 
processes,  and  one  spinous  process. 
The  body  is  formed  of  soft  and  spongy 
bone,  which  is  circular  before,  flat  to¬ 
wards  the  sides,  hollowed  out  behind  into 
a  crescentic  shape  for  containing  the  spi¬ 
nal  marrow,  and  somewhat  concave  both 
above  and  below  for  the  accommodation 
of  the  intervertebral  cartilage.  Situated 
laterally  on  the  body  of  the  vertebrae,  are 
the  four  articulating  processes;  each 


vertebra  being  connected  with  the  two 
immediately  adjoining  it.  Two  of  these 
processes  are  situated  near  its  upper 
surface  to  articulate  with  corresponding 
processes  belonging  to  the  vertebra 
above,  and  two  are  placed  near  its  under 
surface  to  join  with  those  of  the  verte¬ 
bra  below.  The  two  superior  articu¬ 
lating  processes  of  one  vertebra  are 
thus  connected  with  the  two  inferior  ar¬ 
ticulating  processes  of  another,  and 
these  points  of  union  not  only  co-operate 
with  the  intervertebral  cartilages  in  keep¬ 
ing  these  two  vertebrae  together,  but  per¬ 
mit  a  slight  rotatory  motion  of  the  one 
upon  the  other.  The  spinous  process 
projects  directly  backwards  from  the 
body  of  the  vertebra,  and  may  be  felt 
externally  by  moving  the  finger  along 
the  spine ;  while  the  two  transverse  pro  - 
cesses  stand  out  on  either  side,  and  have 
the  ends  of  the  ribs  attached  to  them. 

The  ribs  ( fig.  68,  c,  c,  c,  c )  are  twelve 
long,  curved  bones,  which  are  joined  be¬ 
hind  to  the  dorsal  vertebrae,  and  before  to 
the  sternum,  or  breast  bone.  The  upper 
seven  are  called  true  ribs,  because  they 
are  immediately  connected  to  the  ster¬ 
num  ;  the  lower  five,  false  ribs,  because 
they  are  implanted  into  each  other  by 
cartilaginous  appendages,  and  are  only 
supported  by  the  sternum  through  the 
medium  of  those  above.  They  are  con¬ 
cave  internally,  that  the  lungs  may  have 
more  space  to  expand;  externally  convex, 
that  their  arched  form  may  enable  them 
more  effectually  to  resist  external  injury ; 
and  they  are  attached  to  the  spine  at  an 
acute  angle,  that  they  may  not  be  moved 
out  of  their  ordinary  position  without 
enlarging  the  dimensions  of  the  chest. 
The  head,  or  vertebral  end,  of  each  rib  is 
so  articulated  with  the  spine,  as  to  be 
fixed  upon  the  intervertebral  cartilage, 
and  is  connected  on  each  side  with  the 
vertebrae  which  this  cartilage  separates. 
About  an  inch  from  this  head  there  is  a 
small  bump  upon  the  back  or  convex 
surface  of  the  rib,  which  articulates  with 
the  transverse  process  of  the  vertebra 
below,  and  a  little  above  this  bump  there 
is  a  second,  to  which  strong  ligaments 
are  attached  for  the  surer  connection  of 
the  rib  and  vertebrae.  The  anterior  or 
sternal  ends  of  the  ribs  are  not  bony,  but 
cartilaginous.  The  cartilaginous  ex¬ 
tremities  of  seven  of  them  are  jointed 
to  the  sternum  by  regular  sockets  or 
small  oval  cavities,  and  the  other  five 
are  implanted  into  each  other. 

The  motions  allowed  by  these  articu¬ 
lations  are  limited,  but  sufficiently  ex 
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tensive  for  the  purposes  of  respiration, 
when  in  a  healthy  state.  During  in¬ 
spiration  the  chest  expands  for  the 
reception  of  air,  and  during  expiration 
it  contracts  to  expel  air  which  is  no 
longer  useful.  Two  motions,  therefore, 
are  all  that  can  be  required— an  upward 
and  an  outward  motion.  The  distance 
between  the  spine  and  sternum  is  in¬ 
creased  by  the  former,  that  between  the 
ribs  by  the  latter.  Now  these  two  mo¬ 
tions,  and  only  these,  are  performed  by 
the  ribs,  and  their  articulations  are  such 
that  they  cannot  execute  one  of  these 
movements  without  the  other.  By 
their  sternal  ends  they  can  rise  and 
fall,  because  the  sternum,  into  which 
they  are  articulated,  is  a  moveable  bone, 
and  depends  for  its  movements  upon 
the  motions  of  the  ribs ;  and  by  their 
vertebral  ends  they  can  move  outwards 
as  their  sternal  ends  rise.  But  their 
sternal  ends  cannot  rise  unless  their 
vertebral  ends  rise  also  ;  and  their  ver¬ 
tebral  ends  cannot  rise  without  pushing 
the  sternum  out,  and  thus  increasing  the 
short  axis  of  the  chest  in  every  di¬ 
rection.  Had  they  been  articulated  at 
right  angles  with  the  spine,  the  size  of 
the  chest  must  have  been  diminished, 
whether  they  rose  or  fell.  But  as  their 
oblique  position  is  their  natural  state, 
they  cannot  rise  without  moving  out¬ 
wards,  and  they  cannot  move  outwards 
without  increasing  the  capacity  of  the 
thorax.  During  inspiration,  therefore, 
the  chest  must  be  expanded,  and  during 
expiration  it  must  contract ;  and  these 
are  the  two  conditions  required. 

All  the  muscles  which  surround  or 
are  in  any  way  connected  with  the  bones 
which  have  been  now  described,  do  oc¬ 
casionally  contribute  in  assisting  the 
function  of  the  lungs.  Haller  informs 
us  that,  while  labouring  under  rheu¬ 
matism  of  the  large  muscles  of  the 
chest,  his  respiration  was  difficult;  and 
it  must  have  been  observed  by  every 
one,  how  the  arms  are  fixed  and  the 
shoulders  raised,  when  our  object  is  to 
procure  a  very  full  inspiration.  But 
the  muscles  more  especially  intended  for 
respiratory  organs  are  the  Serrati 
Postici,  Triangularis  Sterni,  Intercos¬ 
tales,  and  Levatores  Costarum.  The 
origins  and  insertions  of  these  muscles 
a  general  reader  would  feel  little  interest 
in  perusing,  their  actions  only  it  is  his 
business  to  understand.  It  may  be 
sufficient,  therefore,  to  observe  that, 
with  the  exception  of  two, — one  of  the 
Serrati  and  the  Triangularis  Sterni, — all 


these  muscles  are  employed  in  elevating 
the  ribs  during  the  process  of  inspi¬ 
ration  ;  so  that  nature  might,  at  first 
sight,  appear  more  anxious  to  provide 
an  efficient  inspiratory,  than  expiratory 
apparatus.  But  this  is  not  really  the 
fact.  For  when  it  is  considered,  that 
the  natural  condition  of  the  chest  is 
that  which  obtains  after  a  full  expira¬ 
tion,  it  will  be  obvious  that  the  elas¬ 
ticity  of  the  cartilages  of  the  ribs  and 
of  the  ligaments,  which  join  them  to 
the  sternum  and  the  spine,  must  form 
a  powerful  expiratory  agent,  and  must 
tend,  as  soon  as  the  muscles  of  inspi¬ 
ration  have  relaxed,  to  reduce  the  chest 
to  its  natural  state.  The  bones,  which 
form  the  walls  of  the  chest,  and  the 
muscles,  which  cover  these  bones,  may 
thus  be  regarded  as  antagonizing  powers. 
The  first  are  organs  of  expiration  in 
virtue  of  their  physical  connections ; 
the  last  are  organs  of  inspiration  in 
virtue  of  their  specific  action.  When 
the  ribs  are  permitted  to  follow  their 
natural  tendency  they  fall;  but  when 
the  intercostales  are  allowed  to  act  they 
rise.  Natural  position  secures  the  one 
state,  vital  action  the  other. 

There  is  still,  however,  another  way 
in  which  the  dimensions  of  the  chest 
might  be  further  modified.  When  the 
ribs  are  elevated,  the  distance  between 
the  spine  and  sternum  is  increased ; 
when .  depressed,  it  is  diminished;  but 
we  have  as  yet  seen  no  mechanism 
which  can  alter  its  long  diameter,  which 
can  either  extend  or  abridge  the  distance 
between  its  base  and  apex.  This  brings 
us  to  the  Diaphragm  ( fig .  70,  a),  a 
muscle  of  much  greater  importance  than 
any  yet'  described;  which,  being  pe¬ 
culiar  to  the  mammalia,  distinguishes  the 
respiration  of  that  class  from  every 
other ;  and  which  is  so  situated  as  to 
divide  the  interior  of  the  body  into  two 
parts — the  chest  and  the  abdomen. 

The  diaphragm  is  generally  spoken  of 
as  composed  of  a  central  tendon  and  two 
muscles ;  the  greater  of  which  arises 
from  the  inside  of  the  breastbone  and 
cartilages  of  the  false  ribs,  and  the 
lesser  from  the  vertebrae  of  the  loins. 
But  it  is  more  simple  to  view  it  as  a 
single  muscle,  which  is  fleshy  at  the 
circumference,  and  tendinous  at  the 
centre ;  as  arising  from  the  ribs  above, 
and  from  the  spine  below  ;  and  as  hav¬ 
ing  the  fibres  issuing  from  these  two 
origins  inserted  into  a  tendon,  which, 
from  its  use  and  position,  forms  their 
common  centre.  This  heart-shaped 
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The  Diaphragm  during  Expiration,  a,  its  tendi¬ 
nous  centre;  b  b,  its  fleshy  sides;  <;  c,  the 
lateral  cavities  of  the  chest,  in  which  the  lungs 
lie. 

tendon  gives  passage  to  the  inferior 
vena  cava  from  the  abdomen  into  the 
chest,  and  also  to  the  oesophagus  from 
the  chest  into  the  abdomen..  It  is 
firmly  attached  to  the  pericardium  ;  so 
that  the  centre  of  the  diaphragm  being 
fixed,  motion  must  be  limited  to  its 
fleshy  sides ;  and  from  the  nature  of 
their  origin  it  may  be  inferred,  that  these 
muscular  wings  are  concave  towards 
the  abdomen,  and  convex  towards  the 
chest. 

As  it  IS  by  means  of  this  muscle  that 
respiration  is  principally  conducted  in 
man,  everything  has  been  done  which 
the  obliquity  of  its  position,  the  nature 
of  its  attachments,  and  the  mode  of 
its  construction  could  afford,  to  confer 
upon  it  the  greatest  range  of  motion 
with  the  least  possible  expenditure  of 
space,  or  power.  Why,  may  it  be  asked, 
should  it  not  have  been  passed  directly 
across  the  body  from  the  sternum  to 
the  dorsal  spine,  in  place  of  being  made 
to  slant  from  the  loins  to  the  sternum  ? 
Why  should  it  be  concave  towards  the 


abdomen,  and  convex  towards  the 
chest  ?  Why  should  it,  in  opposition  to 
all  other  muscles,  be  tendinous  in  the 
centre,  and  fleshy  at  the  circumference  ? 
And,  finally,  why  should  its  sides  be 
left  free  and  floating,  while  its  middle 
is  firmly  bound  to  the  pericardium  ? 
Nature  seldom  shews  any  marks  of 
peculiar  design,  without  having  some 
peculiar  design  in  view  ;  nor  does  she 
deviate  from  her  general  plan,  without 
having  something  to  accomplish  which 
a  particular  arrangement  only  could 
effect.  Had  the  diaphragm  been  passed 
directly  across  the  body  from  the  ster¬ 
num  to  the  spine,  that  is,  had  it  assumed 
the  form  of  a  transverse  plane,  its  mo¬ 
tions  could  not  have  had  such  an  in¬ 
fluence  upon  the  dimensions  of  the 
chest,  as  they  have  since  it  is  placed 
obliquely.  When  it  contracts  during 
inspiration,  a  considerable  portion  of 
the  abdomen  is,  as  it  were,  thrown  into 
the  chest ;  and  when  it  relaxes  during 
expiration,  a  considerable  portion  of 
the  chest  is  again  made  abdomen.  But 
had  the  wings  of  the  diaphragm  been 
concave  towards  the  chest,  the  space 
gained  by  their  contraction  would  have 
been  taken  from  the  chest,  and  given  to 
the  abdomen  ;  the  very  reverse  of  what 
was  required.  Again,  had  not  the 
centre  of  the  diaphragm  been  tendinous, 
the  vena  cava  and  oesophagus,  which 
pass  through  it,  must  have  been  com¬ 
pressed  whenever  it  contracted;  and 
had  not  that  centre  been  fixed,  a  muscle 
of  such  size  and  range  of  movement  as 
the  diaphragm,  could  not  have  worked 
with  any  certainty  or  effect.  Besides, 
as  the  lungs  are  placed  in  the  lateral 
cavities  of  the  chest,  and  the  heart  oc¬ 
cupies  the  centre,  the  lateral  portions  of 
the  diaphragm  only  could  influence  the 
size  of  the  respiratory  organs ;  so  that 
it  had  been,  in  one  sense  injurious,  and 
in  every  sense  useless  to  have  endowed 
its  centre  with  muscularity.  The  po¬ 
sition  of  the  diaphragm,  therefore,  is 
oblique  to  increase  its  range  of  motion  ; 
its  sides  are  muscular  to  enable  them 
to  contract;  concave  towards  the  ab¬ 
domen,  that  when  contraction  reduced 
them  to  a  plane  with  the  central  tendon, 
the  space  then  gained  might  be  in  favour 
of  the  chest ;  its  centre  is  tendinous  for 
the  insertion  of  the  muscular  wings,  to 
enable  these  wings  to  contract  more 
forcibly,  and  to  give  a  safe  passage  to 
the  vena  cava  and  oesophagus;  and 
that  centre  is  attached  to  the  pericar¬ 
dium,  that  during  the  contraction  of 
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Posterior  View  of  Tongue,  Larynx,  and  Trachea 
a,  the  rongue  ;  6,  the  epiglottis  ;  c,  c,  c,  other 
cartilages  of  the  larynx ;  d ,  opening  into  the  ca¬ 
vity  of  the  larynx;  e,  posterior  portion  of  the 
trachea,  which  is  not  cartilaginous  but  membra¬ 
nous,  consisting  partly  of  ligament  anil  partly  of 
muscular  fibre,  in  its  natural  situation  iu  contact 
with  the  oesophagus. 


the  wings  there  may  be  a  fixed  point  to 
give  direction  to  their  movements. 

The  trachea ,  or  windpipe,  is  an  almost 
cylindrical  tube,  composed  of  cartilagi¬ 
nous  rings  connected  to  each  other  by 
ligamentous  substance,  with  which  mus¬ 
cular  fibres  appear  to  .be  intermixed, 
and  covered  internally  with  a  soft  and 
vascular  membrane,  which  secretes  a 
mucous  fluid  to  defend  the  surface  of 
the  canal  from  the  acrimony  of  the  air, 
(Jig.  71.)  For  the  accommodation  of 


Fig. 


Anterior  View  of  Larynx  and  Trachea,  a,  a,  a ,  an¬ 
terior  view  of  cartilages  of  larynx  ;  6,  trachea  ; 
cy  cartilaginous  rings  of  trachea  ;  d,  ligamentous 
and  muscular  portions  of  the  trachea,  by  which 
the  rings  are  connected. 

the  oesophagus  or  gullet,  which  lies  im¬ 
mediately  behind  the  trachea,  (Jig.  72,  e) 
these  cartilaginous  hoops  do  not  encom¬ 
pass  the  entire  tube,  but  terminate  pos¬ 
teriorly  in  a  membrane,  partly  ligament¬ 
ous  and  partly  muscular,  which,  while 
it  completes  the  trachea,  admits  of 
compression,  and  thus  presents  no  in¬ 
convenience  to  the  passage  of  the  food 
along  the  oesophagus  (Jig.  73.) 

On  the  top  of  the  trachea  is  mounted 
the  larynx ,  or  musical  part  of  the  wind¬ 
pipe  ;  which  is  composed  of  two  portions 
— the  glottis  and  epiglottis.  The  glottis 
is  formed  by  the  conjunction  of  four 
pieces  of  cartilage;  fig.  72,  c,  c, c,  re¬ 
presents  a  posterior  view  of  these  carti 
lages  ;  and  Jig.  71,  a,  a,  an  anterior  view 
of  two  of  them,  which  are  lined  with 
the  same  mucous  membrane  that  coated 


Represents  the  effect  of  ihe  movement  of  the  toogue 
baekwardson  the  mechanism  of  the  .arynx,  in  the 
act  of  deglutition,  a,  a,  the  tongue ;  b,  the  morsel 
of  food  arrived  at  its  hack  parlor  base,  and  already 
beginning  to  force  down,  c,  the  epiglottis,  over  the 
opening  d  into  the  glottis,  aud  so  closing  the  aper- 


*js 


ANIMAL  PHYSIOLOGY. 


the  trachea,  and  are  covered  with  small 
muscles  which  serve  to  move  them. 
The  epiglottis  {fig.  72,  b)  consists  of  a 
single  cartilage,  which  is  situated  above 
the  other  four,  and,  like  the  key  of  a 
flute,  can  close  or  open  the  rima  of  the 
glottis  or  longitudinal  aperture  through 
which  the  air  passes  into  and  from  the 
lungs  {fig.  74.) 


(t 


ccc,  margins  of  the  glottis  cut  open  and  folded 
back  ,  b  b  the  vocal  chords,  in  the  site  of  the 
rima  glotudis;  a,  the  epiglottis. 


After  the  trachea  has  descended  the 
neck  and  entered  the  thorax,  it  divides 
into  two  parts,  one  of-  which  goes  to 
each  lung.  The  ramifications  which 
arise  from  these  primary  divisions  of 
the  windpipe  are  styled  bronchi ,  and 
resemble  exactly  the  air-tubes  of  insects 
both  in  construction  and  office.  As 
these  bronchi  proceed  they  become 
smaller,  and  as  they  become  smaller  the 
cartilaginous  rings  of  which  they  are 
composed  become  less  distinct,  until  at 
length  they  entirely  disappear ;  so  that 
the  air-cells,  in  which  they  ultimately 
end,  appear  to  consist  of  nothing  but 
an  extension  of  the  mucous  membrane 
which  had  lined  the  bronchi. 

The  lungs  {fig.  7 5,  bb)  are  two  spongy, 
conical  bodies  situated  within  the  tw'o "la¬ 
teral  cavities  of  the  chest,  and  separated 
from  each  other  by  the  heart  and  a  strong 


The  Lungs  of  Man. — a,  the  heart  ;  b  b ,  the  lungs  ;  c  c ,  the  diaphragm. 


membranous  partition  {fig.  75,  a.)  They 
are  covered  anteriorly  by  the  ribs  and 
sternum,  behind  by  the  spine,  and  their 
base  rests  upon  the  diaphragm,  which 
separates  them  from  the  abdomen.  In 
consequence  of  their  containing  air, 
from  which  they  never  can  be  cleared 
after  birth,  they  are  the  lightest  viscera 
in  the  body,  floating  upon  the  surface 
when  placed  in  water.  Their  external 
aspect  varies  with  their  age.  In  in¬ 
fancy  they  are  of  a  pale  red,  in  youth 
of  a  darker  colour,  and  in  old  age 
of  a  livid  blue.  They  are  distinguished 
into  parts  called  lobes;  and  as  the 
right  side  of  the  chest  is  larger  than  the 
left,  because  the  heart  is  principally  in 
the  left  side,  the  right  lung  possesses 
three  lobes,  while  the  left  has  only  two. 
These  lobes  are  composed  of  lobules 
connected  by  cellular  substance,  and 


these  lobules  consist  of  an  intermixed 
congeries  of  air-cells  and  blood-vessels. 
With  the  exception  of  a  few  nerves  and 
lymphatics,  which  they  have  in  common 
with  every  other  organ,  the  lungs  are 
entirely  made  up  of  air-cells,  blood 
vessels,  and  cellular  tissue.  The  last 
substance,  which  is  the  smallest  in 
quantity,  serves  merely  to  connect  the 
other  two :  and  when  it  is  entirely  re¬ 
moved,  after  injecting  the  air-tubes  and 
blood  vessels  with  sealing-wax,  the 
volume  of  the  lungs  is  very  triflingly 
diminished. 

From  the  sketch  which  has  been 
drawn  of  the  comparative  anatomy  of 
respiration  we  have  seen  sufficient  to 
prove,  that  what  is  principally  required 
in  the  respiratory  apparatus,  is  an 
organ  so  constructed  as  to  allow  the 
largest  possible  quantity  of  deterio- 
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rated  blood  to  enjoy  the  fullest  inter¬ 
course  with  the  largest  possible  quan¬ 
tity  of  vital  air.  Such  an  organ  is 
the  grand  desideratum  of  the  function  ; 
every  oilier  is  preparatory  and  subser¬ 
vient;  and  such  a  place  of  intei  course 
is  met  with  in  the  human  lungs.  It  has 
been  supposed  by  Hales,  that,  represent¬ 
ing  the  size  of  each  air-cell  at  T£ofh  part 
of  an  inch  in  diameter,  the  amount  of 
surface  furnished  by  them  collectively 
would  be  represented  by  2G,OUO  square 
inches.  Keil  has  estimated  the  number 
of  these  cells  at  174,418,615,  and  the 
surface  which  they  present  at  21,906 
square  inehes  ;  and  Lieberkuhn  has  in¬ 
creased  it  to  no  less  than  1500  cubic 
feet.  It  is  upon  these  air-cells  that  the 
venous  blood  is  distributed  by  an  infinity 
of  vessels  derived  from  the  pulmonary 
artery ;  it  is  for  the  sake  of  these  air- 
cells  that  the  lungs  are  formed,  and  the 
extensive  respiratory  machinery,  which 
has  been  now  described,  is  erected  ; 
it  is  during  the  circulation  of  the  blood 
upon  these  air-cells  that  the  desired 
alterations*  in  its  properties  are  wrought  ; 
and  when  the  relative  extent  of  the  actual 
respiratory  organ  is  compared  with  the 
insignificant  dimensions  of  the  lungs  in 
which  that  organ  is  contained,  it  is 
difficult  to  conceive  how  so  small  a  part, 
differently  constructed,  could  be  more 
effectually  adapted  to  the  objects  which 
it  is  intended  to  accomplish.  A  stratum 
of  blood,  several  hundred  feet  in  surface, 
is  exposed  to  a  stratum  of  air  still  more 
extensive ;  and  these  two  strata  of  con¬ 
tiguous  fluids  are  comprehended  within 
an  organ,  which  may  be  easily  compres¬ 
sed  within  the  compass  of  a  few  inches. 
To  look  for  any  parallel  to  this  amid  the 
most  masterly  contrivances  of  science 
were  vain. 

Mechanism  of  Respiration. 
There  is  as  great  variety  in  the  mecha¬ 
nism  as  in  the  apparatus  of  respiration. 
Two  classes  of  animals  do  not  breathe 
in  the  same  way,  and  different  orders  of 
the  same  class  are  not  unfrequently  dis¬ 
tinguished  by  individual  peculiarities. 
When  the  frog  inspires  he  shuts  his 
mouth,  draws  a  quantity  of  air  through 
his  nostrils  into  the  large  membranous 
bag  which  is  attached  to  his  under  jaw  ; 
this  bag  contracts,  and  the  air  which  it 
contains  is  forced  down  into  his  lungs 
(fg.  66.)  When  the  purposes  of  in¬ 
spiration  have  been  served,  the  mus¬ 
cles  of  the  abdomen  contract,  his  lungs 
are  compressed,  and  expiration  is  per¬ 


formed.  This  animal,  therefore,  swal¬ 
lows  the  air  which  he  respires  as  he 
does  the  food  which  he  digests  ;  and 
the  most  effectual  mode  of  suffocating 
him  is  to  keep  his  mouth  open. 

When  the  trout  respires  it  opens  its 
mouth  and  takes  in  a  quantity  of  water; 
the  mouth  is  then  shut  and  the  inclosed 
water  is  forcibly  driven  among  the  vascu¬ 
lar  laminae  of  its  gills.  During  the  pas¬ 
sage  of  the  water  through  these  fim¬ 
briated  organs,  the  air  which  it  con¬ 
tains  exerts  its  purifying  influence  upon 
the  blood,  and,  after  accomplishing  its 
object,  it  escapes  beneath  the  large 
scales  by  which  the  gills  are  covered. 
In  many  worms  and  flat  fishes  the 
water,  thus  admitted  by  the  mouth,  is 
expelled  through  small  holes  situated  in 
different  parts  of  their  body,  but  more 
especially  in  their  sides.  Fishes,  there¬ 
fore,  cannot  inspire  air  unmixed  with 
water,  nor  can  they  inspire  water  un¬ 
mixed  with  air.  Air  is  necessary  as 
tne  vitalizing  principle  of  their  blood,  and 
water  is  necessary  as  a  vehicle  for  the 
proper  application  of  this  principle  to 
their  blood  vessels. 

In  birds  the  lungs  are  so  nitched  down 
betw  een  the  ribs  and  perforated  by  air¬ 
holes,  that  they  can  neither  expand  as 
the  chest  enlarges,  nor  collapse  as  it 
falls.  They  preserve  unalterably  the 
same  size.  When  the  bird  inspires  his 
chest  is  elevated,  a  vacuum  is  formed 
within  and  air  rushes  into  the  lungs. 
But  as  it  cannot  remain  in  them,  in 
consequence  of  the  air-holes  upon  their 
surface,  it  passes  out  into  the  abdominal 
cells.  Expiration  now  begins,  the  ribs 
fall,  the  air  in  these  large  air-cells  is 
compressed,  it  again  enters  the  air-holes, 
passes  a  second  time  through  the  lungs, 
and  is  expelled  through  the  wind-pipe. 
The  lungs  of  this  class,  consequently, 
contain  a  mere  fraction  of  the  air  which 
they  inspire,  and  during  expiration  they 
are  compressed,  not  immediately  by  the 
ribs,  but  mediately  through  the  air-cells 
which  surround  them. 

In  man  respiration  consists  of  a  suc¬ 
cession  of  alternate  acts  by  which  air 
is  received  into  and  removed  from  the 
lungs.  When  it  is  received  the  act 
is  called  inspiration;  when  expelled 
expiration.  The  one  process  depends 
upon  the  other.  Air  cannot  be  ex¬ 
pired  until  it  have  been  inspired,  and 
a  second  inspiration  cannot  be  made 
till  the  air  already  taken  in  have  been 
expired.  But,  although  these  two  pro¬ 
cesses  are  thus  connected,  one  of  them 
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is  a  much  more  vital  action  than  the 
other.  The  lungs  cannot  be  filled  with 
air  without  a  considerable  effort  on  the 
part  of  many  living  agents ;  but  they 
may  be  emptied  of  it  in  virtue  of  the 
physical  construction  of  the  respiratory 
system.  A  knowledge  of  this  system  is 
sufficient  to  prove  that  the  natural  state 
of  the  lungs  is  that  of  collapse.  The 
ribs  are  jointed  so  obliquely  to  the  ver¬ 
tebrae,  and  so  connected  anteriorly  to  the 
sternum,  that  a  considerable  force  is 
necessary  to  bring  them  to  right  angles 
with  the  spine;  that  is,  into  "a  state  pre¬ 
pared  for  inspiration.  After  death, 
therefore,  when  every  living  principle  is 
extinct,  and  the  body  is  allowed  to  fall 
into  its  natural  attitude,  the  state  of  the 
chest  is  always  that  of  expiration.  The 
ribs  are  depressed,  the  diaphragm  is 
pushed  up  into  the  thorax,  and  the  lungs 
are  confined  within  a  cavity  which  ex¬ 
piration  has  diminished  to  the  utmost. 

It  is  obvious  that  as  long  as  this  state 
of  parts  continues,  the  entrance  of  air 
into  the  lungs  is  impracticable.  But 
it  is  equally  evident  that,  if  by  any 
means  the  chest  could  be  enlarged  and 
the  lungs  expanded,  a  vacuum  would 
form  within  the  thorax,  the  size  of  which 
would  be  proportional  to  the  extent  of 
this  enlargement.  Now,  this  actually 
occurs,  and  we  have  examined  the  ma¬ 
chinery  by  which  it  is  accomplished. 

A  short  time,  say  one  second  and  a 
half,  after  expiralion,  the  muscles  of 
inspiration  begin  to  act.  The  intereos- 
tals  contract,  and  by  elevating  the  ribs 
increase  the  distance  between  the  spine 
and  sternum.  The  diaphragm  descends 
as  the  ribs  rise,  and  by  pushing  down 
the  abdominal  viscera  allows  the  lungs 
greater  freedom  for  expansion  in  that 
direction.  Thus  the  cavity  of  the  tho¬ 
rax  is  enlarged  on  all  sides,  and,  since 
the  lungs  are  quite  passive  during  all 
these  changes,  diminishing  when  com¬ 
pressed  and  expanding  when  liberated, 
their  dimensions  must  now  be  greatly 
enlarged,  the  air  which  they  contain 
considerably  rarefied,  and  a  vacuum  of 
some  extent  must  be  formed  within  their 
air-cells.  But  as  air  is  an  elastic  fluid 
which  seeks  its  own  balance  wherever 
situated,  and  as  the  air  within  the  chest 
is  rarer  than  that  without,  the  conse¬ 
quence  is  that  the  denser  or  external  air 
wdl,  in  virtue  of  its  greater  gravity,  enter 
the  trachea  through  the  nostrils  and 
mouth,  and  descending  into  the  lungs 
occupy  this  newly-formed  vacuum.  This 
influx  of  denser  air  will  continue  until 


the  density  of  the  infernal  be  equal  to 
that  of  the  external  air,  when  the  act  of 
inspiration  is  at  an  end.  The  intercos¬ 
tal  muscles  now  relax,  and  allow  the 
elasticity  of  the  ribs,  which  had  been 
hitherto  counteracted  by  the  contraction 
of  these  muscles,  to  restore  them  to 
their  natural  position.  The  diaphragm 
likewise  relaxes,  and  allows  the  abdo¬ 
minal  muscles  to  re- act  and  thrust  it  up 
into  the  cavity  of  the  chest.  The  lungs 
are  thus  encroached  upon  in  every  di¬ 
rection  ;  before  by  the  ribs  and  ster¬ 
num,  behind  by  the  ribs  and  spine,  and 
below  by  the  diaphragm.  The  newly- 
admitted  air  which  they  contain,  being 
now  no  longer  in  a  state  of  equilibrium 
with  the  external  atmosphere,  is  forcibly 
expelled,  and  the  chest  is  restored  to 
the  same  condition  in  which  we  found  it. 

Such  is  the  mechanism  of  respiration, 
as  it  obtains  in  a  state  ofhealth,  and  the 
reader  cannot  fail  to  perceive  how  parts, 
the  most  distant  and  different  in  action, 
are  made  to  co-operate  to  the  produc¬ 
tion  of  the  same  effect. 

In  ordinary  breathing  vfe  respire 
almost  exclusively  with  the  diaphragm, 
the  motion  of  the  ribs  being  scarcely 
perceptible.  Dr.  Jentz  saw  a  man  in 
Paris,  who  permitted  an  anvil,  weighing 
600  lbs.,  to  be  placed  upon  his  chest 
while  he  lay  in  an  horizontal  posture, 
and  a  bar  of  iron  to  be  beaten  out  upon 
it  with  weighty  hammers,  without  dis¬ 
covering  symptoms  either  of  pain  or  un¬ 
easiness.  But  when,  from  debility  or 
disease,  the  ordinary  respiratory  organs 
are  insufficient,  or  when,  from  over¬ 
exercise  or  temporary  excitement,  the 
lungs  require  an  unusual  quantity  of 
air,  nature  has  several  auxiliary  re¬ 
sources  in  reserve. 

If  an  inspiration  only  somew'hat  fuller 
than  usual  be  desired,  the  serrati  leva- 
tores,  triangulares,  and  pectoral  mus¬ 
cles  are  brought  in  to  co-operate  with, 
the  intercostals  in  elevating  the  ribs. 
But  if  the  very  fullest  inspiration  which 
can  be  taken  be  necessary,  the  bones 
forming  the  shoulder  and  shoulder-joints 
are  firmly  fixed  by  resting  the  hands 
upon  the  knees,  and  all  the  muscles, 
which  have  the  slightest  connexion 
with  the  chest  either  before  or  behind, 
are  added  to  the  inspiratory  apparatus. 
At  the  same  time,  the  abdominal  mus¬ 
cles  are  relaxed  to  the  utmost  to  facili¬ 
tate  the  ascent  of  the  ribs,  and  the  dia¬ 
phragm  is,  for  the  same  reason,  enabled 
to  contract  to  the  utmost  to  increase  the 
long  axis  of  the  chest.  In  this  way, 
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twice  the  usual  quantity  of  air  can  be 
taken  into  the  lungs  at  a  single  inspira¬ 
tion.  But  as  the  chest  has  been  brought 
by  this  extraordinary  effort  into  a  very 
unnatural  state,  as  all  its  ligaments  and 
cartilages  have  been  strained,  and  every 
neighbouring  muscle  has  been  pressed 
into  its  service  and  contracted  to  the 
utmost,  it  follows,  that  as  soon  as 
inspiration  terminates  there  will  be  an 
increased  tendency  in  the  chest  to  resume 
its  ordinary  size — a  tendency  commensu¬ 
rate  in  degree  with  the  force  of  the  pre¬ 
vious  inspiratory  effort.  The  farther  the 
ribs  were  carried  out  of  their  natural 
direction  the  more  certainly  will  they  re¬ 
turn  to  it  when  the  forcing  power  has 
ceased  to  act,  and  this  strong  expiratory 
tendency  on  the  part  of  the  ribs  is  power¬ 
fully  aided  by  the  strong  contraction  of 
the  abdominal  muscles,  which,  by  press¬ 
ing  the  diaphragm  far  up  into  the  chest, 
shortens  the  long  axis  of  the  thoracic 
cavity,  as  much  as  the  falling  of  the  ribs 
diminishes  the  short  one. 

•The  first  Inspiration. 

To  a  certain  extent  the  respiratory  appa¬ 
ratus  is  subject  to  the  will.  If  a  full 
inspiration  be  desired,  we  can  call  every 
inspiratory  organ  into  action,  and  we 
can  expand  the  chest  to  its  utmost  size ; 
or,  by  forcing  down  the  ribs  and  pushing 
up  the  diaphragm  we  can  compress  the 
lungs  with  unusual  force,  and  expel  from 
them  a  greater  quantity  of  air  than  ordi¬ 
nary.  But  this  controlling  power  which 
we  possess  is  very  limited,  and  the  mus¬ 
cles  of  respiration  are  neither  at  all 
times  obedient  to  the  will,  nor  do  they 
require  the  stimulus  of  the  will  to  bring 
them  into  exercise. 

When,  by  a  forced  inspiration,  we 
have  taken  into  our  luhgs  the  largest 
possible  quantity  of  air,  no  mental  effort 
can  enable  us  to  preserve  the  chest  in 
that  elevated  state  beyond  a  certain 
period.  The  intercostals  will  relax,  the 
diaphragm  will  ascend,  and  the  ribs 
will  fall.  Or  when,  by  a  forced  expira¬ 
tion,  we  have  expelled  from  the  lungs 
the  largest  possible  quantity  of  air,  and 
have  reduced  the  chest  to  its  smallest 
size,  inspiration  soon  commences  even 
in  opposition  to  the  will,  and,  over¬ 
coming  the  elasticity  of  cartilages  and 
the  resistance  of  position,  the  ribs  rise 
and  liberate  the  lungs. 

From  the  physical  circumstances  with 
which  the  child  before  birth  is  sur¬ 
rounded,  it  is  evident  that  respiration  is 
incompatible  with  its  economy.  Ex 


eluded  from  air  in  a  separate  state,  and 
enveloped  in  membranes  filled  with  a 
watery  fluid,  the  foetus,  or  unborn  child, 
is  virtually  an  aquatic  animal,  must  be 
adapted  to  an  aquatic  life,  and  must  be 
nourished  with  blood  which  comes  to  its 
system  already  purified  for  the  purposes 
of  life.  To  support  a  respiration  of  its 
own  were  consequently  both  impractica¬ 
ble  and  unnecessary.  As  long,  there¬ 
fore,  as  it  is  connected  with  its  mother’s 
system,  its  lungs  cannot  act  through 
want  of  air,  and  its  blood  is  arterialized 
without  these  organs  ;  but  the  moment 
at  which  this  connexion  is  dissolved  by 
birth,  the  child  is  wholly  cast  upon  its 
own  resources,  a  double  circulation  is 
established,  and  respiration  begins. 

The  first  respiratory  act  appears  to  be 
purely  mechanical,  resulting  from  the 
change  of  position  which  the  child  un¬ 
dergoes  at  birth.  By  referring  to  the 
adjoining  figure,  which  represents  the 
child  as  it  lies  in  the  womb,  it  cannot 
escape  remark,  that  everything  has  been 


done  which  position  could  effect  to  di¬ 
minish  to  the  utmost  the  dimensions  of 
the  chest;  and  a  little  consideration 
must  convince  us  that  any  change  from 
this  position,  it  matters  not  in  what  di¬ 
rection  or  to  what  degree,  will  have  the 
effect  of  liberating  the  lungs  from  a  por¬ 
tion  of  the  pressure  which  they  bear. 
The  head  cannot  be  raised  from  the 
breast,  nor  the  knees  removed  from  the 
abdomen,  without  straightening  the 
spine,  and  the  spine  cannot  be  reduced 
to  a  straight  line  without  elevating  the 
ribs,  and  permitting  the  abdominal  vis- 
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cera  to  fall;  but  the  ribs  cannot  rise, 
nor  the  diaphragm  descend,  without  en¬ 
larging  the  chest,  and  as  the  chest  en¬ 
larges,  the  lungs,  which  are  the  most 
elastic  organs  of  the  body,  will  expand, 
their  air-cells,  which  had  been  hitherto 
collapsed  by  external  pressure,  will  as¬ 
sume  an  open  form,  and  the  external  air 
will,  in  obedience  to  its  own  principles, 
go  where  it  meets  with  the  least  re¬ 
sistance. 

Connexion  of  the  first  Inspiration  with 
the  Establishment  of  a  Double  Circu¬ 
lation. 

The  same  cause  which  accounts  for  the 
first  introduction  of  air  into  the  chest, 
is  likewise  adequate  to  explain  why  the 
double  circulation  and  respiration  in  the 
child  are  cotemporaneous  in  their  com¬ 
mencement.  The  blood,  which  during 
foetal  life  had  passed  through  the  oval 
holee,  between  the  auricles,  into  the  left 
side  of  the  heart,  and  through  the  arterial 
duct  into  the  aorta,/, without  visiting  the 
lungs,  is  now  solicited  out  of  its  ordi¬ 
nary  path  by  the  expansion  cf  the  chest. 


a,  inferior  vena  cava;  b ,  superior  vena  cava;  d, 
right  auricle  ;  e,  foramen  ovale  ;  /,  aorta. 

The  same  vacuum  which  forms  within 
the  lungs  during  this  expansion,  will 
draw  blood  through  the  pulmonary  ar¬ 
tery  as  forcibly  as  air  through  the  wind¬ 
pipe.  The  arteries  of  the  lungs  will, 
therefore,  fill  with  blood  as  their  air- 
cells  fill  with  air,  and  the  moment  the 
establishment  of  a  double  circulation 
requires  that  the  child  should  purify  its 
own  blood  is  also  the  moment  that  re¬ 
spiration  begins.  Were  not  the  lungs 
relieved  from  an  unusual  degree  of  pres¬ 
sure  by  birth,  as  we  have  endeavoured 
to  prove,  or  did  not  something  equiva¬ 
lent  to  this  happen  during  that  eventful 
period,  to  make  the  passage  of  the 
blood  through  the  lungs  easier  than 
through  the  arterial  duct  and  oval  hole, 
we  are  left  without  a  reason  for  the 


sudden  obliteration  of  these  two  foetal 
passages,  and  for  the  new  and  circui¬ 
tous  route  taken  by  the  venous  blood 
at  birth  from  the  right  to  the  left  side  of 
the  heart.  But,  supposing  that  such  a 
change  obtains  at  the  moment  of  birth, 
and  that  the  air-tubes  of  the  lungs  and 
the  arteries  simultaneously  expand,  every 
difficulty  vanishes.  The  blood  will  then 
find  a  more  open  passage  through  the. 
pulmonary  artery  than  through  the  aorta, 
the  arterial  duct  being  little  required 
will  gradually  contract  and  ultimately 
close,  the  receipt  of  the  left  auricle 
equalling  that  of  the  right,  the  pressure 
against  the  opposite  sides  of  the  auricular 
partition  will  be  equalized,  the  valve  of 
the  oval  hole  will  be  pressed  up  against 
the  margins  of  this  communicating 
aperture,  and  a  perfect  pulmonary  cir¬ 
culation  will  be  established.  But,  while 
these  changes  are  going  on  within  the 
sanguiferous  system  of  the  lungs,  their 
pneumatic  apparatus  is  at  work ;  fresh 
air  is  drawn  in  at  every  inspiration,  the 
passing  current  of  deteriorated  blood  is 
subjected  to  its  influence,  and  the  com¬ 
mon  object  of  both  functions, — the  con¬ 
version  of  this  vital  fluid  from  a  venous 
to  an  arterial  state, — is  effected  by  a 
common  cause. 

The  beauty  of  this  simple  arrange¬ 
ment  is  very  striking,  and  the  indis¬ 
soluble  connexion  between  the  action 
of  the  lungs  and  heart  is  remarkably 
displayed.  As  long  as  the  blood  of 
the  foetus  is  purified  by  the  mother, 
a  single  circulation  is  sufficient ;  but 
when  birth  cuts  off  the  child  from  every 
adventitious  aid,  and  casts  it  upon  its 
own  resources,  its  lungs,  which  had 
been  hitherto  inactive,  are  now  called 
into  operation,  its  blood  is  made  to 
undertake  a  second  journey  to  acquire 
those  vital  properties  which  formerly  it 
had  obtained  elsewhere,  and  the  same 
cause,  w'hich  fills  the  blood-vessels  of 
the  lungs  with  blood,  is  employed  to  fill 
their  air-tubes  with  air,  prepared  for  its 
purification. 

Effects  of  Respiration. 

It  may  be  inferred,  then,  that  one  of 
the  first  and  most  important  effects  of 
respiration  is  exerted  on  the  circulating 
blood ;  but  there  is  abundant  evidence 
to  show,  that  many  other  effects  of  no 
slight  moment  are  accomplished  by  this 
function.  The  necessity  of  air  for  the 
support  of  animal  life  could  scarcely 
escape  observation  in  any  age ;  but  the 
ancients  being  ignorant  both  of  the 
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constitution  of  the  atmosphere,  and  of 
the  alterations  which  the  air  experiences 
while  in  the  lungs,  could  form  no  ra¬ 
tional  conjecture  of  the  ends  it  serves  in 
the  economy;  accordingly,  there  is  no 
extravagance  of  the  imagination  in  which 
they  did  not  indulge.  Without  any  fur¬ 
ther  notice  of  these  opinions,  we  shall 
go  on  to  state  what  the  uses  of  this 
function  really  are,  as  far  as  they  are 
ascertained. 

Effects  of  Respiration  on  the  Chemistry 
of  the  Air  inspired. 

Common  atmospheric  air  is  composed 
of  three  gases,  which  are  combined  in 
different  proportions,  and  are  endowed 
with  different  properties.  The  most 
abundant  of  these  is  called  azote,  a  term 
which  signifies,  ‘  incapable  of  sup¬ 
porting  life;'  the  most  useful  is  oxygen  ; 
and  carbonic  acid  is  the  third,  which 
amounts  to  little  more  than  one  per 
cent,  of  the  whole. 

For  a  long  time  it  was  believed,  that 
upon  the  first  of  these  gases— azote,  re¬ 
spiration  exerted  little,  if  any,  influence. 
It  was  regarded  rather  as  a  vehicle  for 
the  conveyance  of  oxygen  to  the  lungs, 
than  as  a  substance  gifted  with  any  in¬ 
trinsic  virtues.  Subsequent  observa,- 
tions  have  ascertained,  however,  that  it 
disappears  during  respiration  in  con¬ 
siderable  quantity:  since  some  object 
must  be  contemplated  by  its  removal,  it 
is  now  generally  considered  that  it  acts 
some  part  in  the  economy  of  this  func¬ 
tion  more  efficient  than  that  of  affording 
a  convenient  vehicle  for  oxygen,  al¬ 
though  we  are  wholly  ignorant  of  its 
real  use.  Sir  H.  Davy  respired  18 
cubic  inches  of  common  air  during  one 
minute.  Before  the  experiment  this  air 
was  found  to  contain  9.3,  and  after  it 
only  4.1  cubic  inches  of  azote,  shewing 
that  5.2  cubic  inches  had  disappeared. 
This  experiment  was  variously  repeated 
with  the  same  result,  and  its  accuracy 
has  been  subsequently  confirmed  by  Dr. 
Henderson  and  others.  Supposing, 
then,  that  5  cubic  inches  of  azote  are 
consumed  every  minute  by  a  moderately 
sized  man,  22.464  grains  will  be  ex¬ 
pended  in  twenty-four  hours. 

Allen,  Pepys,  and  Jurine,  on  the 
other  hand,  have  endeavoured  to  prove, 
that  azote  is  given  out  by  the  lungs 
during  respiration,  and  their  proof  has 
been  collected  from  many  ingenious  ex¬ 
periments  ;  while  Ellis  has  laboured  to 
show,  that  respiration  leaves  the  natu¬ 


ral  azote  of  the  atmosphere  untouched 
in  quantity  and  unchanged  in  quality. 
The  experiments  of  Spallanzani  render 
it  certain  that  reptiles  absorb  azote,  and 
Humboldt  and  Prove^al  have  ascer¬ 
tained  that  the  same  effect  is  produced 
upon  inspired  air  by  fishes.  Admitting, 
however,  that  Davy’s  experiments  are 
to  be  depended  on,  the  quantity  of 
azote  consumed  by  respiration,  when 
compared  with  its  absolute  amount,  is 
so  trifling,  that  one  should  think  this 
gas  must  operate  upon  the  well-being 
of  life,  in  a  way  and  to  an  extent  that 
are  not  as  yet  understood.  Out  of  100 
parts  of  common  air,  77  consist  of 
azote,  22  of  oxygen,  and  1  of  carbonic 
acid ;  so  that,  supposing  the  alleged 
diminution  of  this  gas  to  occur,  the  loss 
which  it  sustains  within  the  lungs  bears 
little  proportion  to  its  original  quanliiy. 

Oxygen,  the  second  ingredient  of  the 
atmosphere,  composes  little  more  than 
one-fifth  of  the  whole  mass  ;  yet,  when 
frequently  respired,  it  can  be  made  en¬ 
tirely  to  disappear.  If  air  be  examined 
which  the  smallest  insect  has  respired, 
the  oxygen  contained  in  it  will  be  found 
diminished  or  consumed  ;  if  fishes  be 
immersed  in  water  which  has  been  de¬ 
prived  of  this  ga<s  by  boiling,  they  lan¬ 
guish  and  die  It  matters  not  what 
element  is  inhabited,  or  what  functions 
are  performed  ;  whether  the  animal 
breathe  by  lungs  or  gills ;  whether  the 
air  traverse  every  part  of  the  body,  or 
be  confined  to  a  single  organ,  oxygen 
is  equally  indispensable.  It  is  this  gas 
which  rendets  the  atmosphere  essential 
to  life ;  yet,  when  undiluted  with  azote, 
it  cannot  support  continued  respiration. 
When  pure  oxygen  is  inspired,  a  sense 
of  warmth  is  felt  in  the  chest,  the  heat 
of  the  skin  is  raised,  the  pulse  is  quick¬ 
ened,  and  other  symptoms  of  excitement 
are  produced.  Lavoisier  inspected  the 
bodies  of  animals  which  had  been  for 
some  time  immersed  in  this  gas;  in¬ 
creased  redness,  unusual  vascularity, 
and  other  indications  of  inordinate  ac¬ 
tion,  were  discovered.  Dumas  states, 
that  the  lungs  of  a  dog,  which  had  been 
exposed  to  a  similar  trial,  were  even  ul¬ 
cerated.  Pure  oxygen  appears,  there¬ 
fore,  to  be  unfit  for  the  maintenance  of 
life  ;  its  dilution  is  requisite,  and  azote 
seems  to  be  the  appropriate  diluent. 
We  know  that,  in  a  separate  state,  azote 
is  innoxious.  Alone,  it  cannot  be  in¬ 
spired  ;  but  it  appears  to  be  irrespirable 
only  because  destitute  of  oxygen,  and 
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the  proportions  in  which  nature  has 
compounded  these  aerial  liquids,  as 
they  are  met  with  in  the  atmosphere, 
are  exactly  those  which  render  them 
most  suitable  for  the  economy  of  life. 
If  the  oxygen  be  diminished,  the  com¬ 
pound  produces  a  sense  of  languor,  and 
a  tendency  to  sleep  ;  if  it  be  increased, 
the  effect  is  stimulating.  Mr.  Ellis  has 
stated,  that  the  growth  of  vegetables  is 
much  injured  when  they  are  surrounded 
with  too  much  oxygen  ;  and  it  is  equally 
certain  that  insects,  if  immersed  in  this 
gas  in  an  unmixed  state,  die  long  before 
it  is  consumed.  Saussure  mentions  a 
strong  tendency  to  sleep  as  one  of  the 
sensations  he  experienced  while  travers¬ 
ing  the  summit  of  the  Alps  ;  but  the 
accounts  which  some  travellers  give  of 
the  effects  of  elevated  regions  upon  their 
respiratory  organs  may  perhaps  be 
more  plausibly  attributed  to  the  in¬ 
creased  rarity  of  the  air,  than  to  the 
diminished  quantity  of  its  oxygen.  A 
small  quantity  of  pure  oxygen,  indeed, 
will  often  support  life  longer  than  the 
same  quantity  of  atmospheric  air ;  but 
from  its  well-known  tendency  to  excite, 
it  maybe  inferred  that  its  continued  use 
would  be  injurious,  if  not  fatal.  Blu- 
menbaeh  procured  three  dogs  of  the 
same  size  :  into  the  trachea  of  the  first 
he  inserted  a  pipe,  which  had  attached  to 
it  a  bladder,  containing  20  cubic  inches 
of  oxygen  : — after  fourteen  minutes  the 
animal  died.  The  bladder  was  then 
filled  with  atmospheric  air,  and  its  pipe 
was  fixed  into  the  windpipe  of  the  se¬ 
cond  dog ;  in  six  minutes  it  expired. 
The  air,  which  had  been  thus  respired 
for  six  minutes,  was  made  the  subject  of 
the  next  experiment  on  the  third  dog, 
which  died  four  minutes  after  the  intro¬ 
duction  of  the  pipe. 

The  precise  quantity  of  oxygen,  which 
is  necessary  to  support  human  life,  it  is 
not  easy  to  calculate.  Menzies  states, 
that  in  twenty- four  hours  51.840  cubic 
inches,  or  17625.6  grains,  are  consumed 
by  an  ordinary  man ;  Lavoisier  raises 
the  quantity  destroyed  in  the  same 
period  to  46037.38  cubic  inches,  or 
15661.66  grains  ;  and  the  experiments  of 
Davy  lead  to  the  conclusion,  that  31.6 
cubic  inches  are  consumed  every  minute, 
making  the  quantity  necessary  for 
twenty-four  hours  45.504  inches,  or 
15471.36  grains.  From  the  trifling  dis¬ 
crepancy  between  the  last  two  results,  it 
is  probable  that  the  quantity  of  oxygen, 
necessary  for  the  maintenance  of  human 


life  during  twenty-four  hours,  may 
range  between  45  and  46.000  cubic 
inches,  which,  when  weighed,  make 
about  15.500  grains,  or  2 lbs.  8  oz.  troy. 
The  variety,  however,  to  which  the  con¬ 
sumption  of  this  gas  is  exposed  is  very 
great.  Scarcely  during  two  hours  in  the 
day  does  the  same  person  employ  the 
same  quantity.  The  nature  and  degree  of 
bis  exercise,  his  condition  of  mind,  his 
state  of  health,  the  kind  of  food  he  eats, 
the  temperature  of  the  air  he  breathes, 
and  many  other  modifying  causes,  mate¬ 
rially  influence  its  consumption.  When 
the  hourly  waste  of  oxygen,  at  the  tem¬ 
perature  of  54°,  amounted  to  1345  cubic 
inches;  at  79°,  it  was  found  to  fall  to 
1210  :  during  digestion,  more  disap¬ 
peared  than  when  the  stomach  was 
empty,  and  less  was  required,  as  the 
quantity  of  vegetable  food  that  had 
been  taken  was  great.  When  the  mind 
is  tranquil  and  the  body  is  at  rest,  com¬ 
paratively  little  is  necessary ;  active  ex¬ 
ercise  and  mental  agitation  require  a 
more  liberal  supply.  But  where  does 
all  this  oxygen  go  ?  For  what  purposes 
is  it  abstracted  ?  To  answer  these  ques¬ 
tions  we  must  inquire  into  the  change 
which  respiration  effects  upon  the  third 
gaseous  constituent  of  the  atmosphere — 
carbonic  acid. 

Unlike  azote  and  oxygen,  which  are 
simple  gases,  carbonic  acid  is  a  com¬ 
pound  of  two  substances,  oxygen  and 
carbon  ;  and  so  incapable  is  it  of  sup¬ 
porting  flame  or  life,  that  a  taper  is  ex¬ 
tinguished  by  being  immersed  in  it,  and 
it  cannot,  for  even  a  moment,  be  inspired 
without  causing  a  feeling  of  suffocation. 
Many  experiments  were  performed  upon 
this  gas  by  the  courageous  Pilatre  de 
Rozier.  In  one  of  these,  he  entered  a 
brewer's  tub  during  the  fermentation  of 
its  contents,  when  carbonic  acid  was 
exhaled  in  clouds.  A  sensation  of  heat 
and  itching  was  first  experienced  ;  this 
was  speedily  followed  by  difficult  breath¬ 
ing,  and  a  violent  sense  of  suffocation  ; 
he  could  no  longer  distinguish  objects  ; 
his  face  became  purple,  his  limbs  weak  ; 
he  understood  with  difficulty  what  was 
said  to  him  ;  and  it  was  not  until  he  had 
been  again  exposed  for  some  time  to  pure 
air  that  these  formidable  symptoms  were 
removed.  Davy  tried  to  inspire  a  mix¬ 
ture  of  two  quarls  of  common  air  with 
three  of  this  acid,  without  success  ;  but, 
by  increasing  the  proportion  of  common 
air  to  seven  quarts,  the  mixture  became 
respirable.  When  used  in  an  undiluted 
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state,  a  burning  sensation  at  the  top  of 
the  uvula,  and  a  violent  feeling  of  suffo¬ 
cation,  were  complained  of:  giddiness 
and  torpor  were  its  effects  when  mixed 
with  common  air.  It  is  not  to  be  ex¬ 
pected,  therefore,  that  a  gas  of  such  de¬ 
leterious  properties  should  enter  largely 
into  the  composition  of  a  fluid  so  essen¬ 
tial  to  life  as  atmospheric  air;  accord¬ 
ingly,  it  scarcely  exceeds  one  percent., 
and  it  is  probable,  that  even  this  quantity 
owes  its  presence  more  to  chemical  de¬ 
composition  than  original  arrangement. 

Let  it  be  supposed  that  100  parts  of 
common  air  be  respired  by  different  ani¬ 
mals,  whose  pulmonary  habitudes  are 
different,  until  they  be  no  longer  re¬ 
spirable  even  by  an  insect.  It  will  be 
found  that,  in  place  of  being  composed  of 
77  azote,  22  oxygen,  and  1  carbonic 
acid,  they  consist  of  77  azote,  and  23 
carbonic  acid.  For  the  sake  of  round 
numbers,  this  statement  is  made  gene¬ 
ral  ;  but  this  point,  like  almost  every 
other  on  the  chemistry  of  respiration,  is 
far  from  being  settled  ;  some  maintain¬ 
ing  that  the  oxygen  lost  is  exactly  re¬ 
placed  by  the  carbonic  acid  gained, 
while  others  assert  that  the  carbonic  acid 
added  is  less  than  the  oxygen  consumed. 
In  ordinary  respiration,  however,  air, 
which  has  only  once  visited  the  lungs, 
has  not  parted  with  all  its  oxygen.  Ac¬ 
cording  to  Dr.  Goodwyn,  a  quantity  of 
air  taken  into  the  lungs  at  a  single  in¬ 
spiration,  containing  80  parts  of  azote, 
18  oxygen,  and  2  carbonic  acid,  had  its 
composition  altered,  after  the  experi¬ 
ment,  into  80  azote,  5  oxygen,  and  13  car¬ 
bonic  acid ;  2  parts  of  the  whole  having 
entirely  disappeared,  and  1 1  parts  of  car¬ 
bonic  acid  having  been  substituted  for  13 
parts  of  oxygen.  Both  classes  of  physio¬ 
logists  maintain  that,  whatever  be  the 
quantity  of  oxygen  abstracted,  the  quan¬ 
tity  of  carbonic  acid  formed  is  nearly,  if 
not  altogether,  an  equivalent ;  and  that 
this  is  the  case  whether  the  respired  air  be 
once  or  one  hundred  times  inhaled.  Ac¬ 
cording  to  Menzies,  $’sfh  part  of  air 
which  has  been  once  respired,  is  carbo¬ 
nic  acid,  and  his  estimate  of  the  quan¬ 
tity  formed  during  24  hours  is  24105.6 
grains  troy ;  according  to  Lavoisier, 
it  amounts  to  17720.89  ;  to  Davy,  to 
17811,38  gi'ains  troy.  From  the  great 
discordance  which  exists  between  the  es¬ 
timates  of  Lavoisier  and  Davy,  when 
compared  with  that  of  Menzies,  there  is 
reason  to  believe  that  the  computation 
of  the  last  has  been  considerably  over¬ 
rated  ;  yet,  admitting  it  to  be  excessive. 
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those  of  the  former  are  insufficient  to 
account  for  all  the  oxygen  consumed. 
Lavoisier  supposed  that  15661.66  grains 
of  oxygen  were  expended  in  24  hours  ; 
but  12924  are  sufficient  to  form  the 
17720.89  grains  of  carbonic  acid  gene¬ 
rated  during  the  same  period — leaving  a 
residue  of  2737.66  grains  of  oxygen  un¬ 
accounted  for.  Again,  Davy  calculated 
that  15337  grains  of  oxygen  were  ne¬ 
cessary  for  twenty-four  hours’  expen¬ 
diture  ;  but  12824.18  only  are  required 
for  the  formation  of  17811.38  grains  of 
carbonic  acid  during  the  same  period, 
giving  us  an  unexplained  overplus  of 
2512.2  grains  of  oxygen.  Now,  as  no 
subsequent  experiments  of  any  note  can 
throw  these  conclusions  into  discredit,  it 
may  he  concluded  that  the  whole  of  the 
oxygen  which  respiration  abstracts  from 
the  air  is  not  accounted  for  by  the  car¬ 
bonic  acid  which  it  generates — that  some 
disappears  without  leaving  behind  any 
equivalent.  What  becomes  of  this  re¬ 
sidual  oxygen  it  is  difficult  to  say.  Some 
believe  that  part  of  the  watery  vapour 
which  is  exhaled  during  expiration  is 
occasioned  by  the  union  of  a  portion  of 
the  oxygen  of  the  air  with  hydrogen 
extricated  by  the  lungs  from  the  blood ; 
others  assert  that  it  is  absorbed  into  the 
blood,  and  is  lost  in  its  course  around 
the  system  ;  and  it  has  likewise  been 
said  that  the  alleged  deficiency  depends 
upon  the  condensation  which  oxygen  ex¬ 
periences  by  being  converted  into  car¬ 
bonic  acid,  and  is,  therefore,  more  ap¬ 
parent  than  real.  That  part  of  the  va¬ 
pour  which  is  expired  from  the  lungs 
maybe  the  result  of  this  union  of  oxygen 
with  hydrogen,  is  probable;  but  when 
it  is  considered  that  upwards  of  20 
ounces  of  water  are  exhaled  every  twenty  • 
four  hours  from  the  lungs  of  an  ordinary 
man,  it  would  seem  reasonable  to  ascribe 
some  of  it  to  evaporation  of  the  mucous 
secretion  of  the  bronchi.  The  absorp¬ 
tion  of  oxygen  into  the  blood  is  a  subject 
.  which  will  be  hereafter  entered  on  ;  and 
the  supposed  condensation  of  this  gas, 
when  it  unites  with  carbon,  stands  un¬ 
supported  by  adequate  proofs.  It  must 
be  borne  in  mind,  lhat  the  same  causes 
which  affect  the  consumption  of  oxygen 
have  an  equal  influence  upon  the  forma¬ 
tion  of  carbonic  acid,  and  that,  there¬ 
fore,  every  calculation  which  is  made  in 
the  present  state  of  this  inquiry  must  be 
regarded  only  as  an  approximation  to 
the  truth.  The  investigations  of  Prout 
show  that  carbonic  acid  is  exhaled  in 
different  quantities  during  different  pe- 
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riods  of  the  day  ;  and  Fyfe  has  ascer¬ 
tained  that  its  evaporation  is  much  de¬ 
creased  by  the  use  of  wine,  that  it  is  re¬ 
duced  to  almost  one-half  by  vegetable 
food,  and  nearly  to  one-third  by  a  course 
of  mercury.  According  to  Prout,  it  is' 
generated  in  the  greatest  quantity  about 
noon  ;  from  one  until  eight  in  the  after¬ 
noon  its  exhalation  gradually  decreases, 
when  it  remains  at  its  minimum  until 
three  in  the  morning,  after  which  it  in 
creases  until  twelve,  when  its  maximum 
is  attained  ;  so  that  general  conclusions 
upon  a  point  like  this,  when  the  experi¬ 
ments  upon  which  they  are  founded  may 
be  disturbed  by  so  many  circumstances, 
cannot  be  much  depended  on. 

Effects  of  Respiration  on  the  Bulk  of 
inspired  Air. 

There  can  be  little  doubt  that  the  air 
which  has  been  employed  in  respiration 
suffers  some  diminution  in  volume. 
Goodwyn  supposed  it  to  be  reduced  5Vth 
in  bulk.  Abernelhy,  on  the  contrary, 
asserts  that  its  volume,  instead  of  being 
diminished,  is  increased.  Sir  H.  Davy 
found  that  air  which  had  passed  through 
the  lungs  once  only,  suffered  a  diminu¬ 
tion  of  from  ysjjth  to  }5th,  but  that  when 
it  had  been  repeatedly  respiied,  it  lost 
TlBth  of  its  original  bulk  ;  while  Thom¬ 
son  is  inclined  to  ascribe  any  trifling 
variation  which  may  occur  to  accident 
during  the  experiment,  or  to  its  absorp¬ 
tion  by  the  lungs,  independently  of  re¬ 
spiration. 

An  ordinary  man,  in  a  state  of  health, 
is  found  to  take  into  his  lungs,  at  an  or¬ 
dinary  inspiration,  about  40  cubic  inches 
of  air,  all  of  which  we  may  suppose  he 
afterwards  expels  by  an  ordinary  expi¬ 
ration.  Menzies  has  proved,  that  after 
an  ordinary  expiration  the  lungs  can  be 
made  to  expel,  by  an  increased  effort, 
70  cubic  inches  more;  and  Goodwyn 
has  calculated  that  109  cubic  inches 
still  continue  in  these  organs,  after  they 
have  performed  the  very  fullest  expira¬ 
tion.  So  that  the  quantity  of  air  con¬ 
tained  within  the  chest  after  an  ordi¬ 
nary  expiration  is  109  +  70  cubic  inches 
=  179  cubic  inches,  and,  after  an  ordi¬ 
nary  inspiration,  109  +  70+40=219  cu¬ 
bic  inches.  But  nothing  can  be  more 
variable  than  such  calculations.  One 
man  requires  more  air  than  another, 
and  the  same  man  will  consume,  under 
dissimilar  circumstances,  different  quan¬ 
tities.  As  long  as  there  are  different 
pulmonary  conditions  in  health  and 
sickness,  during  ease  and  exercise,  in 


lungs  differently  proportioned,  and  in 
constitutions  differently  formed,  the 
abstract  fact,  that  one  effect  of  respira-. 
tion  is  to  diminish  the  bulk  of  the  air 
respired,  may  be  considered  certain ; 
but  the  precise  amount  of  this  decrease 
must  remain  undetermined. 

Effects  of  Respiration  on  the  Properties 
of  the  Blood. 

Having  seen  that  the  oxygen  of  the  at¬ 
mosphere  is  essential  to  life ;  that  all  airs 
are  respirable  only  in  proportion  as  it 
enters  into  their  constitution;  that  a 
great  quantity  of  it  disappears  during 
respiration ;  that  it  is  replaced  by  an 
almost  equal  volume  of  carbonic  acid  ; 
and  that  the  azote,  with  which  in  at¬ 
mospheric  air  it  is  so  largely  intermixed, 
is  more  serviceable  as  a  vehicle  for  its 
introduction  to  the  lungs  than  for  any 
intrinsic  properties  of  its  own ; — a  ques¬ 
tion  naturally  arises,  how  is  this  oxygen 
converted  into  carbonic  acid,  and  what 
effect  has  such  conversion  upon  the 
properties  of  the  blood?  We  have  seen 
that  there  are  two  different  kinds  of 
blood — venous  and  arterial; — that  ve¬ 
nous  is  darker  than  arterial  blood  ;  that 
the  latter,  during  its  circulation  round 
the  body,  contracts  noxious  properties, 
upon  which  the  dark  colour  of  the  former 
depends,  and  by  which  it  becomes  dis¬ 
qualified  for  the  purposes  of  life  ;  that 
these  noxious  properties,  and  this  dark 
colour,  are  abstracted  from  venous 
blood  during  its  passage  through  the 
lungs ;  and  that  one  great  object  of  re¬ 
spiration  is  to  furnish  the  arteries  with 
pure,  nutritious  fluid,  by  converting  that 
which  was  contained  in  the  veins  into 
arterial  blood.  Now,  although  the  pre¬ 
cise  mode  in  which  this  change  is  ac¬ 
complished  be  still  obscure,  there  is  no 
question  that  the  change  does  take 
place,  and  the  general  principles  by 
which  it  is  effected  are  ascertained. 

It  had  been  often  remarked,  that  the 
blood  of  the  right  auricle  was  much 
darker  than  that  of  the  left,  and  that  the 
vermilion  red  of  the  latter  seemed  to  be 
obtained  during  the  passage  of  the  blood 
through  the  lungs.  It  had  been  likewise 
noticed,  as  a  singular  occurrence,  that 
the  surface  of  blood  which  had  been  ex¬ 
posed  to  the  air  either  became  or  con¬ 
tinued  red,  while  its  under-surface  re¬ 
mained  black.  This  phenomenon  was, 
however,  explained  away  upon  the  prin¬ 
ciple  of  different  specific  gravities, — the 
black  or  weightier  portion  falling  to  the 
bottom,  while  the  red  or  lighter  portion 
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floated  at  the  top ;  and  it  was  not  until 
the  middle  of  the  seventeenth  century 
that  the  real  action  of  the  air  upon  the 
blood  began  to  be  perceived.  By  re¬ 
moving  the  surface  of  blood  which  had 
been  for  some  time  exposed  to  the  air  in 
an  cpen  vessel,  Lower  discovered  that 
the  new  surface  was  soon  converted 
into  as  bright  a  red  as  that  possessed 
which  he  had  previously  removed  ;  and 
to  refute  the  opinion,  that  the  different 
gravities  of  different  portions  of  the 
blood  furnished  an  explanation  of  this 
phenomenon,  he  inverted  cakes  of  co¬ 
agulated  blood,  exposing  their  black 
under-surfaces  to  the  air, — w’hen  they 
also  speedily  assumed  a  florid  hue. 
The  conclusions  countenanced  by  these 
observations  were  rendered  still  more 
unquestionable  by  subsequent  experi¬ 
ments.  Hewson  injeeted  air  into  the 
veins  of  a  rabbit,  by  which  its  venous 
was  changed  into  arterial  blood ;  and 
Cigna,  by  placing  blood  within  the  va¬ 
cuum  of  an  air-pump,  showed  that  the 
reason  why  its  colour  remained  un¬ 
changed  was  its  exclusion  from  the  at¬ 
mosphere. 

Nevertheless,  there  was  one  circum¬ 
stance  which  appeared,  even  to  those 
who  were  otherwise  satisfied  with  this 
explanation,  exceedingly  unaccountable. 
Even  admitting  that  the  florid  colour  of 
arterial  blood  depends.upon  the  chemical 
action  of  inspired  air,  how  can  this  air 
gain  access  to  venous  blood  circulating 
within  the  substance  of  the  lungs,  seeing 
that  the  membranous  sides  of  the  air 
tubes  as  well  as  the  membranous  coats  of 
the  blood-vessels  intervene  ?  An  experi¬ 
ment  performed  by  Priestley  completely 
removed  tins  difficulty.  “  I  took,”  says 
this  philosopher,  “  a  large  quantity  of 
black  blood,  and  put  it  into  a  bladder 
moistened  with  a  little  serum,  and, 
tying  it  very  close,  hung  it  in  a  free 
exposure  to  the  air,  though  in  a  quies¬ 
cent  state,  and  the  next  day  I  found, 
upon  examination,  that  all  the  lower 
surface  of  the  blood  which  had  been 
separated  from  the  common  air  by  the 
intervention  of  the  bladder,  and  likewise 
a  little  serum,  had  acquired  a  coating  of 
a  florid  red  colour,  and  as  thick,  I  be¬ 
lieve,  as  it  would  have  acquired  if  it  had 
been  immediately  exposed  to  the  open 
air ;  so  that  the  membrane  has  been  no 
impediment  to  the  action  of  the  air  upon 
the  blood.”  Tins  experiment  was  re¬ 
peated  without  previously  moistening 
the  bladder,  and  with  the  same  result. 
Now,  as  it  was  found  by  Hales  that  the 


membrane,  of  which  the  air-cells  are 
composed,  is  only  x^th  part  of  an 
inch  in  thickness,  these  experiments  of 
Priestley  were  held  decisive  of  the  point, 
that  the  intervening  membranes,  which 
separate  the  air  from  the  blood  in  the 
air-cells  of  the  lungs,  could  not  prevent 
these  fluids  from  acting  on  each  other. 
But  two  questions  of  interest  still  re¬ 
mained  :  how  did  the  air,  by  coming  into 
contact  with,  venous  blood,  render  it 
arterial  ? — and  how  did  blood,  once  ren¬ 
dered  arterial  by  such  contact,  again 
become  venous  ?  Before  the  time  of 
Priestley,  conjectures  the  most  vague 
were  entertained  respecting  the  air's 
action  upon  the  blood.  One  believed 
that  it  communicated  to  it  a  saline 
vapour;  another,  a  volatile  salt;  while 
some  maintained  that  the  blood  received 
nothing  from  the  air,  but  that  the  air 
got  something  from  the  blood.  But 
after  this  sagacious  philosopher  had 
revealed  the  composition  of  the  atmo¬ 
sphere,  and  a  better  knowledge  of  the 
laws  of  life  had  displaced  the  crude 
doctrines  of  mere  chemical  and  mathe¬ 
matical  physiology,  the  real  purposes  of 
respiration  became  apparent,  and  the 
agency  of  the  air  upon  the  blood  intelli¬ 
gible.  Goodwyn  enclosed  a  quantity  of 
oxygen  gas  in  a  glass  receiver,  which  he 
inverted  over  quicksilver,  and  then  in¬ 
troduced  into  it  four  ounces  of  blood, 
which  had  been  just  drawn  from  the 
jugular  vein  of  a  sheep,  when  it  in¬ 
stantly  became  florid.  Atmospheric  air 
was  then  substituted  for  oxygen,  the 
colour  of  the  blood  was  less  speedily 
effected;  and  when  carbonic  acid  was 
employed,  its  colour  was  changed  to  a 
dark  purple.  These  experiments  led  to 
results  of  such  interest,  that  their  ac¬ 
curacy  was  at  first  questioned;  but 
being  carefully  repeated  and  frequently 
varied,  it  came  at  length  to  be  established 
as  a  fact,  which  at  present  all  admit, 
that  the  constituent  of  atmospheric 
air  which  converts  venous  into  arterial 
blood,  is  oxygen. 

Theory  of  the  Reciprocal  Action  of  the 
Air  and  Blood. 

By  mixing  arterial  blood  with  car¬ 
bonic  acid,  it  is  found  to  assume  a  ve¬ 
nous  hue ;  by  mixing  venous  blood  with 
oxygen  gas,  the  arterial  aspect  is  re¬ 
stored.  The  inference  has  just  been  stated, 
that  the  principle  which  renders  arterial 
blood  venous  is  carbonic  acid,  and  that 
oxygen  is  the  agent  by  which  venous 
is  converted  into  arterial  blood.  As 
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carbonic  acid  is  composed  of  oxygen 
and  carbon,  and  as  it  is  certain  that  oxy¬ 
gen  is  the  arterializing  principle,  it  is  ob¬ 
vious  that  carbon  is  the  only  part  of  this 
acid  which  can  deteriorate  the  blood.  It 
has  been  shown  that  the  oxygen  of  in¬ 
spired  air  is  converted  into  carbonic  acid 
during  its  stay  in  the  air-cells  ;  that  the 
removal  of  carbon  from  venous  blood 
renders  it  arterial ;  and  that  carbonic 
acid  is  composed  of  oxygen  and  carbon. 
It  is  a  reasonable  inference,  that  the  car¬ 
bonic  acid  expired  from  the  lungs  results 
from  a  union  of  the  carbon  of  venous 
blood  with  the  oxygen  of  inspired  air. 
How  or  where  this  union  is  accomplished 
it  is  somewhat  difficult  to  determine. 
Some  suppose  that  the  oxygen  of  the 
air  attracts  the  carbon  of  the  blood  from 
the  minute  branches  of  the  pulmonary 
artery,  and  that  these  elements  unite  in 
the  air-cells ;  by  others,  it  is  maintained 
that  the  carbon  of  the  blood  attracts  the 
oxygen  from  the  air-cells,  and  that  they 
unite  in  the  blood  vessels.  In  the  one 
case,  it  is  conjectured  that  carbon  is  ex¬ 
haled  from  the  blood  into  the  air  cells, 
where  it  meets  with  the  oxygen  of  the 
inspired  air,  and  is  there  converted  into 
carbonic  acid ;  in  the  other,  it  is  argued 
that  oxygen  is  inhaled  from  the  air  cells 
into  the  blood,  where  it  meets  with  the 
carbon  of  venous  blood,  and  is  there 
converted  into  carbonic  acid,  which  is 
thrown  out  into  the  air  cells  during  the 
blood’s  passage  through  the  lungs. 
Both  doctrines  have  been  espoused  by 
men  of  equal  talents,  and  many  striking 
arguments  have  been  adduced  in  sup¬ 
port  of  each.  The  former  boasts  the 
names  of  Priestley,  Lavoisier,  and  Craw¬ 
ford;  the  latter  is  maintained  by  La 
Grange,  Davy,  and  Edwards.  “It  is 
well  known,"  says  Crawford,  “  that  the 
blood  undergoes  a  remarkable  change 
of  colour  when  circulating  in  a  living 
animal ;  for  the  vivid  arterial  blood,  in 
its  passage  through  the  capillaries  to  the 
venous  system,  acquires  a  deep  and  livid 
hue,  and  again  resumes  its  light  and 
florid  colour  in  the  lungs.  Dr.  Priestley 
has  proved  that  similar  alterations  are 
produced  in  the  colour  of  the  blood  by 
exposure  to  pure  and  inflammable  (car¬ 
bonic  acid  gas)  air.  Since,  therefore, 
the  arterial  blood  undergoes  the  same 
change  of  colour  in  the  capillaries  that 
it  suffers  by  exposure  to  inflammable 
air ;  since  it  has  an  attraction  to  that 
fluid ;  and  since  the  separation  of  in¬ 
flammable  air  from  animal  substances 
is  promoted  by  heat  and  by  the  tendency 


of  the  juices  to  putrefaction,  we  may,  I 
think,  safely  conclude  that  the  change 
which  the  blood  undergoes  in  the  capil¬ 
laries  arises  from  its  impregnation  with 
this  principle.  And  as  the  absorption 
of  inflammable  air,  or  its  basis  (carbon), 
is  the  cause  of  the  change  which  is  pro¬ 
duced  in  the  colour  of  the  blood  during 
its  circulation  through  the  capillaries, 
we  may  also  conclude  that  when  the 
blood  again  recovers  its  florid  colour  in 
the  lungs,  the  inflammable  principle  is 
detached.” 

Although  the  general  groundwork  of 
this  theory  is  considered  sound,  it  as¬ 
sumes  some  points  which  are 'either  false 
or  insufficiently  supported.  It  supposes 
that  the  blood  does  not  receive  its  car¬ 
bonizing  principle  until  it  reach  the  ex¬ 
treme  capillaries  of  the  aortic  system. 
But  Mr.  Hunter  has  proved  the  con¬ 
trary.  Having  exposed  the  carotid 
artery  of  a  dog  and  passed  two  ligatures 
around  it,  at  the  distance  of  two  inches 
from  each  other,  he  punctured  the  in¬ 
cluded  vessel  after  the  expiratioft  of 
some  hours,  when  dark-purple  blood 
issued  from  the  puncture ;  proving 
that  arterial  blood  may  be  rendered  ve¬ 
nous  without  passing  into  either  a  ca¬ 
pillary  vessel  or  a  vein.  The  same  fact 
was  shown  by  Hassentralz.  A  number 
of  glass  tubes  were  filled  with  arterial 
blood,  and  hermetically  sealed :  the 
blood  gradually  began  to  change  colour, 
and  after  some  time  became  perfectly 
purple.  It  likewise  supposes  that  the 
carbon  of  venous  blood  is  attracted  from 
the  vessel  which  contains  it  by  the  oxy¬ 
gen  of  the  air-cells ;  but  many  facts  and 
appearances  could  be  advanced  deci¬ 
dedly  favourable  to  another  view.  M. 
Vogel  placed  a  quantity  of  venous  blood 
within  the  receiver  of  an  air-pump,  and, 
having  exhausted  the  receiver,  a  quantity 
of  gas  was  seen  to  escape  from  the  blood, 
which  proved  upon  examination  to  be 
carbonic  acid.  But,  as  the  existence  of 
carbonic  acid  in  the  blood  supposes  the 
presence  of  oxygen,  and  as  the  lungs  are 
the  most  likely  organs  through  which 
this  gas  could  gain  entrance  into  the 
circulation,  this  experiment,  which  has 
been  verified  by  Sir  E.  Home,  must  ap¬ 
pear  decisive  as  to  the  introduction  of 
oxygen  into  the  blood.  The  following 
experiment  of  Edwards  is  in  support 
of  the  same  view.  He  confined  some 
frogs  in  hydrogen  gas,  and,  by  using 
certain  precautions,  succeeded  in  making 
them  respire  it  for  some  time.  When 
the  hydrogen  was  examined  after  the 
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experiment,  a  quantity  of  carbonic  acid, 
of  nearly  equal  volume  with  that  of  the 
animals  themselves,  was  found  mixed 
with  it.  Some  of  the  oxygen  which 
formed  this  acid  may  have  been  within 
the  air-cells  of  the  frogs'  lungs  before  the 
experiment ;  but  the  quantity  of  acid 
found  after  the  experiment  is  incompa¬ 
tible  with  the  supposition,  that  all  the 
oxygen  required  for  the  formation  of 
this  acid  could  be  derived  from  this 
source. 

In  the  present  treatise,  however,  it  is 
impossible  to  enter  into  the  merits  of 
this  controversy  with  a  minuteness 
proportioned  to  its  interest.  We  can 
only  observe,  that  the  theory  of  La 
Grange,  which  maintains  that  the  venous 
blood,  when  it  arrives  a.t  the  lungs,  ab¬ 
sorbs  a  quantity  of  the  oxygen  contained 
within  the  air-cells ;  that  this  oxygen, 
during  its  circulation,  combines  with  the 
accumulating  carbon  of  the  venous  cur¬ 
rent,  and  forms  carbonic  acid ;  that  this 
carbon  may  enter  the  circulation  at  any 
period  of  its  progress ;  that  by  the  time 
it  arrives  at  the  right  side  of  the  heart 
it  has  so  increased,  that  the  welfare  of 
the  system  renders  its  expulsion  neces¬ 
sary  ;  and  that  with  this  view  it  is 
thrown  out  into  the  air-cells  of  the  lungs 
in  the  form  of  carbonic  acid  ; — is  more 
consonant  with  common  observation, 
more  consistent  in  point  of  principle, 
explains  the  greatest  number  of  difficul¬ 
ties,  and  is  supported  by  the  strongest 
facts.  It  explains  how  arterial  blood 
may  be  rendered  venous  without  leaving 
the  arteries ;  how  venous  blood  becomes 
darker  as  it  approaches  the  lungs ;  how 
that  oxygen  is  disposed  of  for  which  the 
carbonic  acid  does  not  account;  how 
carbonic  acid  can  be  extricated  from 
blood  under  the  receiver  of  an  air-pump, 
or  exhaled  by  animals  while  respiring  a 
gas  which  is  destitute  of  oxygen  ;  and 
how  caloric  is  so  evolved  during  the  cir¬ 
culation  of  the  blood,  as  to  maintain 
every  part  of  the  body  in  a  uniform  de¬ 
gree  of  temperature. 

Considering  that  the  great  object  of 
respiration  is  to  enable  the  carbon  of 
venous  blood  to  enter  into  chemical  com¬ 
bination  with  the  oxygen  of  the  atmo¬ 
sphere,  it  must  be  admitted  to  be  of  little 
consequence  whether  the  carbon  unite 
with  the  oxygen  in  the  air-cells,  or  in  the 
blood-vessels.  To  bring  about  their  union 
is  the  important  point,  and  that  they  do 
unite  is  certain,  from  the  disappearance  of 
both — of  carbon  from  venous  blood,  and 
of  oxygen  from  inspired  air;  that  they  do 


form  by  this  union  carbonic  acid  is  also 
certain,  from  the  fact,  that  this  acid  is 
generated  in  proportion  as  they  disap¬ 
pear;  and  that  the  superior  properties 
of  arterial  over  venous  blood  must  re¬ 
sult  from  this  union  is  established  from 
the  necessity  of  arterial  blood  for  the 
purposes  of  life,  and  the  necessity  of 
oxygen  for  the  formation  of  arterial 
blood.  What  part  of  the  blood  this 
oxygen  acts  upon,  whether  on  the  co¬ 
louring  matter,  fibrin,  albumen,  or  se¬ 
rum,  is  a  question  of  curious  interest, 
but  of  too  abstruse  a  nature  for  discus¬ 
sion  in  the  present  place ;  and  how  tne 
blood,  during  its  circuit  round  the  body, 
is  so  constantly  and  so  largely  supplied 
with  carbon,  is  a  subject  of  inquiry, 
which  will  come  more  aptly  before  us 
when  we  treat  of  the  functions  of  the 
absorbent  system. 

Theory  of  Animal  Heat. 

While  considering  the  phenomena  of 
life,  it  was  observed  that  one  of  the  most 
characteristic  attributes  of  a  living 
being  is  its  faculty  of  resisting  ex¬ 
tremes  of  temperature.  The  porpoise, 
which  lies  buried  beneath  mountains  of 
polar  ice,  is  as  warm  as  any  of  its  own 
species  which  may  be  swimming  beneath 
the  Line  ;  the  Ethiopian,  who  scorches 
beneath  a  vertical  sun,  and  the  Lap¬ 
lander  who  is  cradled  in  the  snowy 
bosom  of  the  North,  enjoy  the  same  de¬ 
gree  of  animal  heat ;  man,  wherever  born, 
can  go  through  the  wide  range  of  exter¬ 
nal  temperature  which  lies  between  the 
freezing  and  the  boiling  points,  without 
undergoing  the  slightest  alteration  in  that 
of  his  own  body.  But  a  tendency  to  an 
equilibrium  is  a  law  to  which  caloric  is 
uniformly  obedient :  there  must  be, 
therefore,  a  constant  evolution  of  this 
substance  from  the  surface  of  the  hu¬ 
man  body,  and  a  constant  effort  on  the 
part  of  the  surrounding  atmosphere  to 
reduce  its  temperature  to  a  level  with 
its  own.  Did  this  law  operate  on  man 
without  some  countervailing  influence, 
and  were  he,  at  the  same  time,  subjected 
to  the  vicissitudes  of  temperature  to 
which  he  is  now  obnoxious,  his  circula¬ 
tion  would  be  interrupted  or  arrested ; 
at  one  time  his  fluids  would  be  con¬ 
gealed,  at  another  evaporated,  and  the 
current  of  life  would  flow  unequally,  or 
would  wholly  cease.  To  avoid  such 
consequences,  a  certain  temperature  is 
preserved,  with  an  almost  perfect  uni¬ 
formity,  and  in  all  animals  it  is  some¬ 
what  above  that  of  the  medium  in  which 
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they  live.  The  arrangement  by  which  this 
uniformity  of  temperature  is  maintained 
is  so  perfect  in  itself,  and  so  steady  in 
its  operation,  that  no  ordinary  degree 
of  external  heat  or  cold  can  materially 
affect  it.  It  is  true  that  a  degree  more 
or  less  may  occasionally  result  from 
a  sudden  exposure  to  great  vicissi¬ 
tudes  ;  but  such  an  elevation  or  depres¬ 
sion,  even  when  it  does  occur,  is  as 
trifling  as  it  is  transient. 

This  phenomenon  was  formerly  re¬ 
solved  into  an  ultimate  law  in  the  ani¬ 
mal  economy ;  but  it  is  now  proper  to 
endeavour  to  shew  how  animal  heat 
is  elaborated  in  the  system,  and  by 
what  physical  means  its  uniformity  is 
preserved.  As  soon  as  the  general  na¬ 
ture  of  respiration  was  understood,  and 
its  various  conditions  in  differentanimals 
were  discovered,  two  circumstances  were 
observed  to  be  invariable  in  their  occur¬ 
rence,  and  inseparable  in  their  concur¬ 
rence.  It  was  found  that  all  those  ani¬ 
mals  which  breathe  have  a  temperature 
higher  than  that  of  the  medium  in  which 
they  live,  and  that  this  excess  is  strik- 
ingly  proportional  to  the  quantity  of  air 
respired.  The  temperature  of  the  slug- 
worm,  which  breathes  within  the  bowels 
of  the  earth,  and  the  respiratory  function 
of  which  must  be  necessarily  so  imper¬ 
fect,  is  two  or  three  degrees  only  above 
that  of  the  clay  which  surrounds  it ;  on 
the  other  hand,  the  heat  of  birds,  which, 
of  all  animals,  consume  most  air,  is  of 
all  animals  the  greatest.  When  the 
temperature  of  the  atmosphere  was 
56°,  Mr.  Hunter  found  that  of  the 
earth-worm  tobe58°5';  while  the  ther¬ 
mometer  rose  to  140°  when  inserted  into 
the  body  of  the  common  fowl.  Asth¬ 
matic  patients,  whose  lungs  either  take 
in  an  insufficient  quantity  of  air,  or  in¬ 
efficiently  act  upon  the  air  received,  are, 
in  general,  some  degrees  cooler  than  such 
as  have  a  healthy  pulmonary  system  ; 
birds,  while  in  a  state  of  torpor  during 
winter,  are  nearly  as  cold  as  they  are 
inert ;  and,  in  a  word,  so  universal  is  this 
connexion  between  the  generation  of 
animal  heat  and  the  consumption  of  air, 
that  the  degree  of  perfection  in  which 
the  respiratory  apparatus  exists  in  dif¬ 
ferent  animals  is  a  certain  index  of  their 
temperature,  and  their  temperature  of 
their  respiratory  function. 

Striking  as  these  facts  appear,  and  ob 
vious  as  the  inference  now  seems  to 
which  they  point,  it  was  long  before 
that  inference  was  drawn.  Corpuscular 
attraction,  vascular  friction,  fermenta¬ 


tion,  and  combustion,  long  occupied  and 
obscured  the  minds  of  physiologists ; 
and  even  when  these  vague  conjectures 
had  sunk  into  merited  contempt — when, 
at  length,  it  was  clearly  seen  and  gene¬ 
rally  acknowledged  that  there  was  a 
close  and  inseparable  connexion  between 
animal  heat  and  respiration,  still,  the  na- 
ture  of  that  connexion  remained  wholly 
unknown.  Assuming  this  relationship 
as  established,  Crawford  had  the  great 
merit  of  founding  upon  it  a  theory,  which 
for  simplicity  and  beauty  is  scarcely  to 
be  exceeded  by  any  that  adorn  the  his¬ 
tory  of  science.  It  is  a  general  law,  to 
which  there  appears  to  be  no  exception, 
that  oxygen  cannot  combine  with  carbon 
without  evolving  heat :  it  is  proved  by 
experiment  that  venous  blood  has  a  less 
capacity  for  heat  than  arterial  blood : 
when  venous  blood  becomes  arterial,  its 
sensible  heat  remains  unaffected,  but  its 
specific  heat  is  increased,  and  therefore 
a  constant  supply  of  fresh  caloric  is  re¬ 
quired  to  maintain  venous  blood,  of  a 
given  temperature,  at  the  same  tempera¬ 
ture  when  it  is  converted  into  arterial. 
Now,  it  is  maintained  by  Crawford,  that 
this  supply  of  fresh  caloric  is  afforded 
in  the  lungs  by  the  union  of  the  oxygen 
of  the  air  with  the  carbon  of  the  blood  ; 
that  the  caloric  generated  by  this  che¬ 
mical  combination  is  entirely  consumed 
in  satisfying  the  increased  capacity  of 
arterial  blood  for  heat ;  that,  conse¬ 
quently,  the  temperature  of  the  lungs  is 
no  greater  than  that  of  the  heart,  or  of 
any  other  organ  ;  that  as  the  blood,  ar- 
terialized  in  the  lungs,  in  circulating 
through  the  body  gradually  becomes 
venous,  its  capacity  for  caloric  dimi¬ 
nishes  ;  that  as  its  capacity  for  caloric 
diminishes,  heat  is  evolved  ;  and  that  in 
this  manner  every  part  of  the  system  is 
constantly  maintained  in  an  equal  degree 
of  temperature. 

To  the  establishment  of  this  ingenious 
theory,  it  is  necessary  only  to  prove  two 
things :  first,  that  oxygen  cannot  unite 
with  carbon,  to  produce  carbonic  acid, 
without  the  evolution  of  heat ;  and  se¬ 
condly,  that  the  capacity  of  arterial  blood 
for  heat  is  greater  than  that  of  venous 
blood.  The  establishment  of  the  first 
point  is  essential,  because  it  is  necessary 
to  explain  the  source  of  animal  heat ; 
while  the  proof  of  the  second  is  equally 
indispensable  to  account  for  its  uniform 
distribution. 

The  first  point  is  universally  ad¬ 
mitted  :  for  whether  it  be  during  com¬ 
bustion,  fermentation,  putrefaction,  ger- 
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fliination,  or  any  other  process  in  which 
carbonic  acid  is  produced,  heat  is  in¬ 
variably  given  out,  and  the  amount 
of  carbonic  acid  formed  is  a  tolerably 
accurate  measure  of  this  increase  of 
temperature.  But  it  has  been  proved 
that  the  lungs  are  manufactories  of  car¬ 
bonic  acid,  and  that  the  quantity  of 
oxygen  abstracted  from  respired  air  is 
replaced  by  very  nearly  the  same  quan¬ 
tity  of  this  acid ;  therefore,  when  it  is 
inferred  that  respiration,  like  combus¬ 
tion  or  fermentation,  is  a  calorific  pro¬ 
cess,  the  inference  is  not  only  supported 
by  strong  analogies,  but  grounded  upon 
a  steady  and  settled  principle. 

The  second  point  is,  perhaps,  less  cer¬ 
tainly  established.  It  is  true  that  arte¬ 
rial  blood  is  generally  allowed  to  be  one 
or  two  degrees  warmer  than  venous 
blood  ;  but  when  the  great  quantity  of 
caloric,  which  the  formation  of  so  much 
carbonic  acid  within  the  lungs  must 
evolve,  is  considered,  this  trifling  eleva¬ 
tion  of  temperature  in  arterial  blood  can 
be  scarcely  deemed  sufficient  to  account 
for  it.  Some  have  considered  this  cir¬ 
cumstance  sufficient  to  overturn  Craw¬ 
ford's  theory,  and  certain  experiments 
upon  decapitated  animals  have  encou¬ 
raged  others  to  maintain  that  animal 
heat  is  a  secretion  depending  upon  the 
brain  and  nerves.  But  the  admitted 
facts  that  oxygen  has  a  neater  capacity 
for  heat  than  carbonic  acid;  that  carbonic 
acid  is  never  generated  without  being 
accompanied  by  the  evolution  of  caloric ; 
that  carbonic  acid  is  found  in  profuse 
quantity  during  respiration,  while  an 
equal  or  greater  quantity  of  oxygen  is 
consumed ;  that  young  animals  generate 
the  least  heat,  while  they  use  the  least 
oxygen  ;  that  the  temperature  of  hyber- 
nating  animals  is  but  a  slight  degree 
above  the  medium  in  which  they  live; 
that  the  temperature  of  all  animals, 
whether  hot  or  cold-blooded,  is  directly 
proportional  to  the  quantity  of  oxygen 
inspired;  and  finally,  that  those  very 
periods  in  the  day,  during  which  oxygen 
is  inspired  in  greatest  quantity,  are  the 
very  periods  when  animal  temperature 
attains  its  highest  point ; — all  such  facts 
(and  they  could  be  much  extended)  must 
be  held  strongly  favourable  to  the  infer¬ 
ences,  that  the  union  of  the  oxygen  of 
the  air  with  the  carbon  of  the  blood  is 
necessarily  productive  of  heat ;  that  this 
union  occurs  during  respiration ;  that 
the  caloric  formed  by  respiration  is  either 
almost  or  altogether  expended  in  satis¬ 
fying  the  increased  capacity  of  arterial 


blood  for  heat ;  that  this  latent  heat  of 
arterial  blood  is  rendered  sensible  during 
the  circulation  by  the  gradual  conver¬ 
sion  of  arterial  into  venous  blood,  and 
that  when  the  blood  has  become  as 
highly  venalized  as  possible,  and  all  its 
latent  heat  has  become  evolved,  it  re¬ 
ceives  a  fresh  quantity  m  the  lungs 
during  the  combination  of  its  carbon 
with  the  oxygen  of  inspired  air*. 

Subordinate  Effects  of  Respiration. 

The  purification  of  the  blood  and  the 
generation  of  caloric  are  certainly  the 
first  and  the  most  important  effects  of 
respiration  ;  but  beyond  these  there  are 
many  other  objects  which  it  serves.  It 
is  by  it  that  we  are  capable  of  voice  and 
speech ;  it  is  through  it  we  derive  the 
most  valuable  part  of  social  intercourse ; 
it  is  to  it  we  owe  the  inestimable  advan¬ 
tages  that  result  from  the  communi¬ 
cation  of  thought,  and  the  exquisite 
pleasures  that  flow  from  harmonious 
vocal  sounds,  and  from  the  still  sweeter 
accents  of  affection. 

It  has  been  observed  by  Aristotle,  that 
such  animals  only  as  possess  lungs  have 
a  true  voice  ;  and  this  opinion  the  expe¬ 
rience  of  modern  naturalists  confirms. 
It  is  true  that  many  insects,  and  some 
other  tribes  of  inferior  beings,  can  emit 
certain  sounds ;  but  these  sounds  de¬ 
pend  upon  vibrations  of  the  air,  pro¬ 
duced  by  the  agitation  of  their  external 
organs,  and  not  upon  any  specific  vocal 
mechanism. 

Attempts  have  been  made  to  ascertain 
how  many  varieties  of  tone  the  human 
voice  is  capable  of  emitting.’  Haller 
could  articulate  during  one  minute  no 
fewer  than  1500  letters;  and  as  the  ar¬ 
ticulation  of  each  letter  required  the 
action  of  many  muscles,  several  thou¬ 
sand  distinct  contractions  and  relax¬ 
ations  must  have  been  performed  in  that 
period.  Dr.  Barclay  observes,  that,  as 
the  muscles  of  the  larynx  are  at  least 
seven  pairs,  fourteen  muscles,  which  can 
act  separately  or  in  unison,  are  capable 
of  producing  16,383  different  move¬ 
ments,  without  bringing  into  the  calcu¬ 
lation  the  different  degrees  of  force,  or 
the  infinitely  varied  order  of  succession 


*  While  this  theory  of  the  generation  of  animal 
heat  must  be  admitted  to  be  highly  ingenious  and 
beautiful,  experiments  have  been  performed  by  Dr. 
Wilson  Philip  and  others,  from  which  it  has  been 
inferred  that  animal  heat  is  a  product  of  secretion; 
and  that,  like  other  secretions,  it  is  very  much  under 
the  influence  of  the  nervous  system.  In  this  place 
we  can  only  refer  the  reader  to  Dr.  Philip’s  excellent 
treatise  on  the  Vital  Functions,  both  for  the  facts  and 
the  inferences. 


112 


ANIMAL  PHYSIOLOGY. 


in  which  they  may  be  occasionally  made 
to  act.  But  in  addition  to  these  proper 
vocal  muscles  he  enumerates  fifteen 
other  pairs,  which  are  either  employed 
in  preserving  the  articulation  of  the 
larynx  steady,  or  in  regulating  their 
general  movements,  as  occasion  may 
require.  These  fifteen  pairs  of  muscles, 
when  acting  alone,  are  susceptible  of 
1,073,741,823  different  combinations, 
and  when  co-operating  with  the  succeed¬ 
ing  seven  pairs,  give  the  following  num¬ 
ber,  17,592,180,044,415,  as  a  gross  esti¬ 
mate  of  the  different  varieties  of  move¬ 
ment  which  the  different  parts  composing 
the  human  larynx  are  capable  of  pro¬ 
ducing.  But  each  of  these  movements 
will  elicit  a  distinct  tone  of  voice ;  and 
when  it  is  considered  that  each  move¬ 
ment  may  be  variously  modified  in  in¬ 
tensity,  and  not  only  so,  but  that  these 
several  modifications  of  movement  may 
be  indefinitely  combined,  it  is  obvious 
that  no  limit  can  be  ascribed  to  the 
range  of  the  human  voice,  and  that  the 
varieties  of  its  tones  cannot  be  numbered. 

Foetal  Substitute  for  Respiration. 

If  the  lungs  be  organs  of  such  vital  in¬ 
fluence  that  respiration  is  indispensable 
to  life,  that  animals  of  the  simplest  con¬ 
struction  require  air,  and  that  corporeal 
vigour  and  mental  energy  are  intimately 
connected  with  the  due  arterialization  of 
the  blood,  it  may  appear  singular  that 
the  young  of  all  animals,  whether  ovi¬ 
parous  or  viviparous,  do  not  respire  be¬ 
fore  birth,  and  that  their  blood  experi¬ 
ences  no  alteration  in  their  lungs.  While 
the  chick  is  enclosed  within  the  egg,  it 
possesses  a  sanguiferous  system  as  mi¬ 
nute  as  after  incubation  has  been  com¬ 
pleted  ;  its  arteries  carry  red  and  its  veins 
purple  blood  :  and  the  foetus,  while  in 
its  mother's  womb,  is  freely  and  faith¬ 
fully  supplied  with  this  vital  fluid  in  a 
purified  state.  During  foetal  life,  secre¬ 
tion  and  absorption  are  regularly  per¬ 
formed,  nutritive  matter  is  deposited,  ex- 
crementitious  particles  are  removed,  and 
the  blood  experiences  the  same  kind  and 
amount  of  alteration  during  its  journey 
round  the  system  it  supplies,  as  is  wit¬ 
nessed  after  birth.  How,  then,  is  the 
noxious  carbon,  which  is  ever  adulte¬ 
rating  the  vital  current,  abstracted 
from  the  blood?  —  where  is  oxygen 
procured  to  convert  it  into  carbonic 
acid  ? — and  if  carbonic  acid  be  formed, 
how  is.  it  expelled  ?  In  the  incubated 
egg,  this  seems  to  be  accomplished  in 
the  following  way  :  the  shell  is  ex¬ 


ceedingly  porous,  and  is  internally  in. 
close  contact  with  a  very  vascular  mem¬ 
brane,  which  forms  the  external  en¬ 
velope  of  the  contents  of  the  egg.  This 
membrane  circulates  more  blood  than 
is  devoted  to  the  body  of  the  chick, 
and  is  separated  at  the  greater  end  of 
the  egg  into  two  layers,  which  form  a 
circular  space,  or  bag,  that  is  filled  with 
air.  This  bag,  or  air-cell,  is  at  first  not 
more  than  a  quarter  of  an  inch  in  dia¬ 
meter,  but  as  incubation  proceeds  it 
progressively  enlarges,  and  towards  the 
close  of  the  process  occupies  a  very  con¬ 
siderable  portion  of  the  general  cavity. 
Now,  Spallanzani  has  ascertained  that 
eggs  freely  absorb  oxygen  from  the  at¬ 
mosphere,  that  the  degree  of  this  absorp¬ 
tion  is  directly  as  the  quantity  of  animal 
matter  they  contain,  and  that  the  air 
enclosed  within  these  air-cells  betrays  a 
deficiency  of  oxygen  and  an  excess  of 
carbonic  acid.  It  is,  therefore,  believed 
that  the  conversion  of  venous  into  ar¬ 
terial  blood  during  incubation  is  ac¬ 
complished  by  bringing  the  blood,  as  it' 
deteriorates,  to  this  vascular  membrane 
which  lines  the  shell,  where  it  is  purified 
by  the  air  which  enters  through  the 
pores  with  which  the  shell  is  per¬ 
meated.  This  vascular  membrane  is 
equivalent  to  the  minute  ramifications 
of  the  pulmonary  artery  in  man,  and  4 
the  porous  shell  is  a  counterpart  to 
the  walls  of  the  air-cells  of  the  human 
lungs.  The  former  furnishes  a  sufficient 
surface  whereon  the  venous  blood  may 
be  spread,  and  the  latter  a  convenient 
medium  through  which  the  oxygen  of 
the  external  air  may  exert  its  peculiar 
influence  upon  this  fluid.  Air  is  as  es¬ 
sential  to  the  progress  of  an  incubated 
egg,  as  to  the  existence  of  the  chick  after 
the  shell  is  broken  ;  and  nothing  more 
is  necessary  to  arrest  this  process  by 
suffocating  the  chick,  than  to  exclude 
the  external  air  by  closing  the  pores 
of  the  shell  with  oil. 

In  the  young  of  aquatic  animals,  va¬ 
rious  contrivances  are  employed  to 
oxydate  the  blood  in  consistency  with  the 
medium  they  inhabit ;  and  in  the  human 
foetus,  a  vascular  organ  called  placenta, 
which  in  office  is  similar  to  the  lining 
membrane  of  the  egg,  is  considered  the 
foetal  substitute  for  respiration.  This 
organ  is  principally  composed  of  two  dis¬ 
tinct  sets  of  blood-vessels,  separated 
from  each  other  by  intervening  cells. 

One  set  of  these  vessels  is  attached  to 
the  womb  of  the  mother,  and  belongs  to 
the  mother’s  system  ;  the  other  unites 
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to  form  the  umbilical  cord,  and  belongs 
to  the  system  of  the  child.  The  vessels, 
therefore,  which  supply  the  child,  and 
those  which  connect  these  vessels  with 
the  mother,  are  perfectly  distinct.  In¬ 
jection  poured  into  the  one  set  will  not 
pass  into  the  other,  and  the  communi¬ 
cation  which  they  enjoy  is  maintained 
only  through  the  interposition  of  cel¬ 
lular  cavities.  Now,  it  is  within  these 
cellular  cavities  that  the  work  of  oxy- 
dation  is  supposed  to  go  on ;  but,  whe¬ 
ther  these  cells  possess  the  prerogative 
of  absorbing  carbon  from  the  foetal  ves¬ 
sels  which  lie  on  one  side  of  them,  and 
oxygen  from  the  maternal  vessels  which 
ramify  on  the  other,  or  whether  of  them¬ 
selves  they  exert  some  change  upon 
venous  blood  equivalent  to  oxydation, 
is  at  present  unknown.  Argument  may 
be  used  in  support  of  either  view  ;  but 
the  investigation  is  so  incomplete,  that  it 
would  be  vain  to  attempt  to  anticipate 
a  result,  which  careful  experiment  and 
diligent  research  can  alone  obtain.  One 
circumstance  only  is  known  with  cer¬ 
tainty,  that  the  blood  which  the  child 
sends  to  these  cells  is  venous,  that  the 
blood  which  it  receives  from  them  is 
arterial,  and  that  the  alterations  which 
the  lungs  are  destined  to  work  upon 
this  fluid  after  birth  are  effected,  during 
foetal  life,  by,  or  at  least  through  the 
placenta. 

Having  now  concluded  our  description 
of  the  three  great  functions  of  life — 
digestion,  circulation,  and  respiration ; 
having  shown  how  the  food  is  converted 
into  blood,  how  the  blood  is  circulated 
through  the  body,  how  the  noxious  qua¬ 
lities  with  which  it  becomes  tainted 
during  its  journey  are  removed,  and  its 
purity  maintained,  it  will  be  necessary 
to  consider  the  ultimate  design  of  such 
an  elaborate  system,  to  investigate  the 
reason  why  blood  must  be  so  freely  sup- 
-plied  by  the  stomach,  so  constantly  cir¬ 
culated  by  the  heart,  and  so  regularly 
purified  by  the  lungs.  And  this  brings 
us  to  the  subject  of  secretion. 

Secretion. 

At  no  period  of  life  is  the  human  body 
perfectly  complete.  At  birth  the  pro¬ 
cess  of  development  is  still  unfinished  ; 
during  infancy  every  organ  is  weak,  and 
every  function  is  imperfect ;  at  the  pe¬ 
riod  of  puberty,  parts  previously  unex¬ 
ercised  suddenly  enlarge,  and  take  on 
new  actions :  manhood,  requiring  in  the 
discharge  of  its  offices  the  utmost  ex¬ 


tent  of  power,  brings  every  resource  of 
the  system  into  full  operation  ;  while,  in 
old  age,  functions  no  longer  necessary 
are  gradually  withdrawn,  and  organs 
which  have  ceased  to  discharge  duties 
no  more  required  insensibly  decay. 

The  machinery  by  which  this  repara¬ 
tive  system  is  conducted  is  extensive  and 
complex.  Nutritive  matter  taken  into 
the  stomach  is  there  converted,  as  we 
have  seen,  into  chyle ;  chyle  is  converted 
by  the  lungs  into  blood ;  blood  is  carried 
to  every  part  of  the  system,  and  in  every 
part  of  the  system  is  changed  into  those 
substances  which  are  necessary  either 
for  its  growth  or  reparation.  Wherever 
muscle  is  required,  muscular  fibre  is 
deposited ;  where  bone  is  needed,  ossific 
particles  are  laid  down  in  the  requisite 
form  and  in  the  desired  order ;  where  it 
is  necessary  to  construct  cellular  tissue, 
or  to  deposit  fat,  albuminous  and  oily 
matter  are  provided.  The  process  by 
which  these  different  substances  are  eli¬ 
minated  from  the  blood  is  termed  secre¬ 
tion;  that  by  which  they  are  removed 
when  no  longer  useful  is  called  absorp¬ 
tion:  the  result  of  both  actions  com¬ 
bined  is  denominated  nutrition.  The 
first  process  is  preparatory  to  the  second, 
and  both  are  essential  to  the  third. 
Were  the  old  particles  not  regularly  re¬ 
moved,  new  particles  could  not  be  regu¬ 
larly  deposited  ;  and  were  not  fresh  nu¬ 
tritive  matter  ready  for  deposition  as 
absorption  proceeds,  emaciation  would 
be  the  first,  and  death  the  ultimate  and 
the  speedy  result. 

How  the  chyme  is  elaborated  in  the 
stomach  by  the  gastric  juice,  how  the 
chyme  is  converted  into  chyle  in  the 
duodenum,  how  the  chyle  is  arterialized 
in  the  lungs  by  the  action  of  the  air,  and 
how  the  arterialized  blood  is  transmitted 
by  the  blood-vessels  to  every  organ  in  the 
body,  have  been  already  shown ;  but  it 
still  remains  to  be  explained  how  this 
common  fluid,  which  exhioits  the  same 
properties  in  every  part  of  the  circulation, 
can  be  converted  into  bone  and  brain, 
into  muscle  and  membrane,  into  carti¬ 
lage  and  fat ;  how  saliva  and  bile,  how 
urine  and  mucus — fluids  the  most  active 
and  the  most  insipid — can  be  manufac¬ 
tured  in  determinate  quantities,  in  cer¬ 
tain  textures,  and  at  appropriate  periods, 
out  of  a  bland  material  totally  unlike  any 
and  every  substance  which  it  generates ! 

Organs  of  Secretion. 

The  apparatus  by  which  the  animal  se- 
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cretions  are  formed  assumes  a  thousand 
modifications  of  external  aspect.  Some¬ 
times  nothing  can  be  discerned  but  a 
smooth  vascular  membrane,  such  as  the 
pleura  which  lines  the  chest,  or  the  pe- 


A  (?land  with  an  excretory  duct,  a  a  the  substance 
of  the  gland  irregular  and  lobulated  ;  b  b  the  small 
branches  by  which  the  excretory  duct  rises  from 
the  gland ;  c  the  trunk  of  the  excretory  duct  fully 
formed. 

ritoneum  which  envelops  the  viscera  of 
the  abdomen.  At  another  time  this 
membrane  is  not  smooth,  but  rough, 
and  covered  with  small  vascular  eleva¬ 
tions.  called  villi,  giving  to  this  entire 
surface  a  velvety  appearance.  In  one 
organ  the  secreting  membrane  assumes 
the  form  of  small  bags,  called  follicles, 
which  contain  an  aperture  in  their  centre 
for  the  transmission  of  the  substance 
secreted  by  their  internal  surface.  In 
another  it  constitutes  sacs,  open  at  one 
end,  denominated  lacunce,  which  are 
sometimes  single,  as  in  the  nose — 
sometimes  ramified,  as  in  the  neck  of 
the  womb,  Again,  the  wax  which  de*- 
fends  the  passage  to  the  internal  ear 
seems  to  be  secreted  by  small  mem¬ 
branous  cavities,  which  open,  by  means 
of  small  ducts,  upon  the  surface  of  the 
auditory  canal;  while  the  oily  matter 
which  is  formed  beneath  the  cuticle, 
more  especially  in  the  armpits  and 
groins,  appears  to  be  a  secretion  pro¬ 
duced  by  bodies  similarly  constructed, 
and  of  the  same  figure.  These  small 
secreting  bags  are  known  by  the  name 
of  glands,  and  the  small  tubes  through 
which  they  convey  the  secretions  they 
elaborate  are  styled  excretory  ducts.  But 
different  as  the  external  characters  of 
all  these  secreting  organs  may  tie,  yet 
their  general  structure  is  essentially  the 
same;  and  the  more  carefully  the  se¬ 
creting  apparatus  is  examined,  the  more 
convincing  will  appear  the  reason  for 
believing  that  every  external  modifica¬ 
tion  of  structure  has  been  adopted  foi 
the  sake  of  convenience  rather  than  be¬ 


cause  it  was  indispensable ;  nothing  ap¬ 
pears  absolutely  necessary  to  the  perfor¬ 
mance  of  secretion,  save  capillary  blood¬ 
vessel.  The  chain  of  connexion  between 
the  simplest  secreting  surface  and  the 
most  complex  gland,  of  which  only  the 
first  links  have  been  now  given,  might  be 
easily  completed,  by  tracing  the  gradual 
complication  of  an  elementary  secreting 
organ,  as  it  appears  in  a  serous  mem¬ 
brane,  up  to  the  most  elaborate  speci¬ 
men  of  glandular  structure. 

When  a  bone  is  broken,  blood  is 
poured  out  into  the  fracture,  and  there 
coagulates.  After  a  short  period,  ves¬ 
sels  are  seen  to  shoot  into  this  coagu¬ 
lated  blood,  the  blood  gradually  disap¬ 
pears,  and  gelatinous  matter  occupies 
its  place.  This  gelatinous  matter  pro¬ 
gressively  hardens,  osseous  particles  are 
slowly  deposited,  and  thus  the  fracture 
is  ultimately  repaired.  During  all  these 
stages  of  renovation  one  agent  appears 
to  be  principally  employed,  and  that 
agent  is  capillary  blood-vessel.  It  is 
capillary  vessel  which  shoots  into  the 
coagulated  blood,  which  deposits  the 
callus,  which  conveys  the  osseous  sub¬ 
stance,  and  which  unites  the  fractured 
bone.  When  muscle  is  divided  the 
same  process  is  established,  excepting 
that  fibrin  is  deposited  instead  of  ossifie 
matter;  and  whether  the  secretion  be 
nerve  or  cartilage,  tendon  or  skin,  no 
difference  can  be  detected  in  the  secret¬ 
ing  vessel,  and  nothing  essential  but 
secreting  vessel  can  be  discovered. 

If,  then,  nothing  but  capillary  blood¬ 
vessel  be  required  to  secrete  such  im¬ 
portant  and  different  substances  as 
the  animal  solids,  may  it  not  be  sus¬ 
pected  that  the  fluids  of  the  human  body 
are  formed  in  the  same  way,  and  by  the 
same  instruments  ?  The  mucus  which 
lubricates  the  nostrils  is  secreted  by  a 
fine  and  highly  vascular  membrane, 
which  covers  them  internally.  The  per¬ 
spiration  which  oozes  from  the  skin  is 
poured  out  through  small  apertures  in 
the  walls  of  capillary  arteries,  which  lie 
beneath  the  cuticle.  The  water  which 
exudes  from  such  serous  membranes  as 
the  pleura,  which  lines  the  chest,  or  the 
pericardium,  which  surrounds  the  heart, 
seems  to  be  filtered  in  the  same  manner 
through  these  vascular  strainers  from 
the  general  mass  of  blood.  In  none  of 
all  these,  and  in  no  analogous  instances, 
can  there  be  found  any  specific  secreting 
apparatus.  Capillary  blood-vessel  is 
alone  discoverable. 

Malpighi  maintained  that  such  glands 
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as  the  liver  are  composed  of  very  small 
bodies,  called  acini  from  their  resem¬ 
blance  to  the  stones  of  grapes ;  that 
these  acini  are  hollow  infernally,  and 
externally  covered  with  a  net-work  of 
blood-vessels;  that  these  minute  blood¬ 
vessels  covering  the  acini  poiu-  into  the 
cavities  of  these  elementary  cells  the 
secreted  fluid  as  it  is  eliminated  by  them, 
out  of  which  it  is  afterwards  removed 
by  ducts.  The  minute  dissections  of 
Ruysch,  however,  induced  this  distin¬ 
guished  anatomist  to  dissent  from  the 
views  of  Malpighi ;  and,  after  a  series 
of  very  accurate  experiments,  he  was 
satisfied  that  the  apparently  hollow  acini 
of  Malpighi  are  merely  convoluted  ves¬ 
sels,  perfectly  continuous  with  the  ex¬ 
cretory  ducts  that  carry  away  the  se¬ 
creted  substances.  This  opinion  was, 
for  a  time,  strongly  opposed ;  but  it 
afterwards  became  general,  and  is  now, 
perhaps,  universally  adopted. 

The  chief,  if  not  the  only,  difference 
between  the  secreting  structure  of  glands 
and  that  of  simple  surfaces  appears, 
then,  to  consist  in  the  different  number 
and  the  different  arrangement  of  their 
capillary  vessels.  The  actual  secreting 
organ  is  in  both  cases  the  same — capil¬ 
lary  blood-vessel;  and  it  is  uncertain 
whether  either  its  peculiar  arrangement, 
or  greater  extent  in  glandular  texture, 
be  productive  of  any  other  effect  than 
that  of  furnishing  the  largest  quantity 
of  blood-vessel  within  the  smallest  space. 
Thus  convoluted  and  packed  up,  secret¬ 
ing  organ  can  be  procured  to  any  amount 
that  may  be  required,  without  the  incon¬ 
veniences  of  weight  and  bulk.  These 
acini  are  most  distinctly  seen  in  the  liver 
and  spleen ;  in  the  pancreas  and  kid¬ 
neys  they  are  less  perceptible ;  and  in 
the  prostate  and  tonsils  they  cannot  be 
detected  by  the  finest  glasses.  Glan¬ 
dular  structure  has  accordingly  been  ar¬ 
ranged  into  three  varieties.  In  the  first 
are  placed  all  those  glands  which  are 
uniform  in  their  external  surface  ;  which 
are  composed  internally  of  acini,  bound 
together  by  cellular  tissue,  and  which 
are  enclosed  in  a  general  membrane. 
The  liver  affords  a  good  illustration  of 
this  form  of  gland.  In  whatever  part  it  - 
may  be  examined,  its  texture  appears 
uniformly  the  same.  Nothing  but  acini 
can  be  seen — there  are  no  larger  and  no 
smaller  subdivisions;  and  when  the 
structure  of  one  acinus  has  been  fully 
ascertained,  the  composition  of  the  en¬ 
tire  organ  is  understood.  The  anatomy 
of  the  second  variety  is  somewhat  dif- 


Fig.  79. 


This  figure  represents  the  human  kidney,  which  is 
so  finely  injected,  that  what  were  considered  acini 
or  hollow  globules  by  Malpighi,  appear  to  be  merely 
convoluted  vessels. 

ferent.  The  glands  pertaining  to  this 
order  are  obviously  composed  of  subor¬ 
dinate  divisions  called  lobes,  which 
themselves  consist  of  subdivisions  called 
lobules;  these  lobules  are  foimed  of 
smaller  bodies,  which  are  again  divisible 
into  bodies  still  smaller,  until  we  ulti¬ 
mately  arrive  at  the  elementary  acini, 
which  are,  in  common  with  the  first  class 
of  glands,  the  rudimental  constituents  of 
the  second  class.  As  a  fine  example  of 
this  glandular  tissue,  the  kidney  may  be 
taken.  When  viewed  externally,  it  is 
manifestly  lobulated,  and  its  internal 
structure  is  strikingly  beautiful.  It  con¬ 
sists  of  two  distinct  varieties  of  texture, 
— the  first,  being  external,  is  called  cor¬ 
tical,  and  the  second,  from  its  office,  is 
denominated  tubular.  The  cortical  por¬ 
tion  is  the  secreting  organ  of  the  kid¬ 
ney  ;  the  tubular  portion  is  mainly  com¬ 
posed  of  tubes,  which  convey  the  urine 
formed  within  the  cortical  tissue  into 
the  reservoir,  or  pelvis,  of  the  kidney. 
These  tubes  are  at  first,  where  they  issue 
from  the  cortical  substance,  very  small 
and  numerous ;  but  they  increase  by 
uniting  as  they  proceed,  and  they  form 
considerable  trunks  before  they  ter¬ 
minate  in  the  small  oval  projections 
called  papillce,  cccc.  These  papillae, 
which  are  formed  by  the  union  of  the  uri- 
niferous  tubes,  project  into,  and  are  sur¬ 
rounded  by  membranous  cups  called 
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Fig.  80. 


The  interior  of  the  hnman  kidney:  a  a.  the  cortical 
portion;  b  b,  the  tabular  portion  ;  c  c  c  c,  the  pa¬ 
pillae  ;  d,  the  pelvis ;  e,  the  ureter. 

calyces,  which  receive  the  urine  poured 
out  by  the  papillae  from  the  extremities 
of  the  tubes,  and  convey  it  onwards  to 
the  pelvis  or  basin  of  the  kidney,  from 
which  it  is  conducted  by  an  excretory 
duct,  styled  ureter,  into  the  urinary 
bladder. 

The  two  varieties  of  glands  now  de¬ 
scribed,  differ  only  in  the  number  of 
their  component  parts,  not  in  the  nature 
of  their  composition  ;  and,  because  the 
first  form  of  gland  consists  of  parts  of 
the  same  size  and  equally  elementary, 
while  the  second  divides  and  subdivides 
before  its  rudimental  structure  is  at¬ 
tained,  the  former  is  generally  termed  a 
conglomerate,  the  latter  a  conglobate 
gland. 

The  third  and  last  form  of  gland  is 
distinguished  from  the  two  preceding  in 
havingno  discoverable  specific  structure. 
Without  lobes,  lobules,  or  acini,  these  or¬ 
gans  exhibit  neither  parts  nor  divisions ; 
they  are  dense,  firm,  lacerated  with 
difficulty,  and  present  everywhere  a 
striking  uniformity  of  aspect.  Still  they 
are  highly  vascular,  and,  when  inflamed, 
produce  excruciating  pain  ;  so  that,  in 
whatever  other  points  these  different 
forms  of  glandular  structure  may  dis¬ 
agree,  they  are  all  equally  remarkable 
for  the  profusion  of  blood-vessels  with 
which  they  are  supplied.  It  has  been 
estimated  that  the  glandular  portion  of 
the  human  body  contains  two-thirds  of 


the  entire  mass  of  blood;  and  when 
successful  injection  has  rendered  all 
their  vessels  visible,  six-eighths  of  their 
whole  structure  appear  to  be  composed 
of  capillary  blood-vessels,  for  secreting 
the  fluid  which  they  are  destined  to 
elaborate,  and  of  excretory  ducts  for 
removing  that  fluid  as  it  forms.  When 
all  these  facts  are  compared  and  con¬ 
sidered,  it  would  seem  a  reasonable 
inference  that,  as  far  as  regards  the 
vascular  part  of  the  apparatus,  to  con¬ 
stitute  a  secreting  organ,  blood-vessel 
alone  is  requisite  ;  and  that  glands  differ 
from  mere  secreting  surfaces,  as  the 
pleura  or  peritoneum,  chiefly  in  having 
a  greater  number  of  blood-vessels,  only 
differently  arranged.  The  intervening 
cellular  tissue,  by  which  these  blood¬ 
vessels  are  tied  up  and  connected,  ap¬ 
pears  not  to  be  essential,  because  in  a 
mere  serous  membrane  there  is  little  or 
no  such  cellular  tissue ;  nor  are  excre¬ 
tory  ducts  indispensable,  since  many 
glands  have  central  apertures  instead  of 
ducts,  through  which  their  secretions 
are  poured  out.  In  the  present  imperfect 
State  of  our  knowledge,  it  is  impossible 
to  estimate  what  effect  difference  of  size, 
length,  and  direction  in  the  secreting 
vessels,  may  exert  upon  the  nature  and 
quantity  of  the  substance  secreted.  It 
is  reasonable  to  believe  that  these  cir¬ 
cumstances  may  exert,  and  that  they  do 
exert,  considerable  influence  upon  the 
process ;  but,  as  far  as  regards  the  vas¬ 
cular  part  of  the  apparatus  of  secretion, 
all  that  is  really  known  is  told  when  it  is 
stated,  that  wherever  this  function  is 
performed,  there  is  provided  an  abund¬ 
ant  supply  of  capillary  blood-vessels. 

To  the  blood-vessels  of  secreting  or¬ 
gans,  as  to  all  other  parts  of  the  body, 
are  added  nerves ;  and  the  number  of 
nerves  which  are  distributed  to  secreting 
organs,  bears  a  close  relation  to  the 
number  of  blood-vessels.  If  the  capil¬ 
lary  arteries  are  countless,  so  also  are 
the  ultimate  nervous  filaments.  More¬ 
over,  there  are  some  anatomical  pecu¬ 
liarities  in  the  nerves  of  secreting  or¬ 
gans,  which  deserve  to  be  borne  in 
mind,  because  it  is  probable  that  they 
are  intimately  connected  with  the  function 
of  secretion.  While  treating  of  the 
nervous  tissue,  it  was  stated  that  in  all 
the  more  perfectly  organized  animals  the 
nervous  substance  is  disposed  in  four 
different  modes,  forming  four  distinct 
parts  or  organs — nerves,  ganglia,  or 
appendages  to  particular  nerves,  spinal 
cord,  and  brain.  With  one  exception. 
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a  the  splenic  artery,  separating  into  a  rich  variety  of  branches,  which  divide  and  subdivide 
into  i*  number  and  minuteness  so  extraordinary,  that  the  spleen,  the  gland  which  this 
artery  supplies,  seems  to  be  almost  entirely  composed  of  blood-vessels. 

no  nerve  that  comes  off  from  tne  brain 
possesses  a  ganglion  ;  but  every  nerve 
that  issues  from  (he  spinal  cord,  is  pro¬ 
vided  with  one  or  more  of  these  knot¬ 
like  bodies.  What  object  the  ganglia 
serve  is  not  understood  ;  but  we  know 
that  the  nerves  of  sensation  consist,  of 
one  set  of  filaments,  that  the  nerves  of 
motion  consist  of  another  set  of  fila¬ 
ments  perfectly  distinct  from  the  former, 
and  that  the  nerves  of  secretion  consist 
of  these  ganglionic  nerves.  These  gan¬ 
glionic  nerves  are  destitute  of  feeling,  the 
occasional  sensibility  which  they  indicate 
being,  probably,  derived  from  the  nerves 
of  sensation  with  which  they  intermingle 
and  communicate ;  and  they  are  not 
obedient  to  the  will.  As  soon  as  they 
issue  from  the  ganglia,  they  proceed  to 

the  trunks  nf  the  serretine-  arteries  o  n.  Mood-vessels  ;  b  b,  a  rich  network  of  nervet 

me  iruntiS  Ot  tne  secreting  arteries,  investing  ihe  external  co.t  of  the  blood  vessels. 


Fig.  81. 
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which  they  invest  as  with  a  tunic,  and  mate  and  peculiar  connexion  between  the 
upon  the  branches  of  which  they  are  ganglionic  nerve  and  the  secreting  ar- 
complctely  spent.  That  this  most  inti-  tery  should  exist,  without  functional  in- 


a  Uj  a  portion  of  intestine  ;  b  b,  part  of  the  abdominal  aorta  ;  c  c  c,  nerves  following 
the  course  of  the  branches  sent  off  by  the  aorta  to 'supply  the  intestine. 


fluence  being  communicated  to  the  vessel 
by  the  nerve,  is  scarcely  to  be  conceived 
What  that  influence  is,  it  is  impossible 
to  say ;  its  extent  will  presently  be 
pointed  out. 

Substances  secreted. 
Considering,  then,  the  great  simplicity 
of  the  secreting  organ,  and  the  general 
sameness  of  the  blood  from  which  every 
secretion  is  derived,  it  is  remarkable  that 
so  many  solids,  so  differently  consti¬ 
tuted,  and  such  a  variety  of  fluids,  so 
totally  dissimilar  both  in  property  and 
aspect,  should  be  manufactured  out  of 
one  common  material,  and  by  one  com¬ 
mon  apparatus.  Nothing  exists  within 
the  vegetable  or  animal  kingdom  but 
secreted  substance;  and  whether  we 
look  to  the  meanest  shrub,  or  to  the  no¬ 
blest  animal,  the  most  splendid  variety 
of  substance  and  of  quality  is  observed. 
In  the  one  kingdom  w’e  find  flowers  of 
the  gaudiest  colours,  sweets  of  the  most 
delicious  taste,  odours  of  the  most  cap¬ 
tivating  fragrance, — all  formed  out  of  a 
simple  and  almost  insipid  sap ;  and  in 
the  other  we  discover  bones  hard  and 
insensible,  muscles  soft  and  contractile, 
nerves  tender  and  irritable,  fluids  insipid, 
sour,  bland,  and  acrid,  juices  the  most 
agreeable,  and  poisons  the  most  per¬ 
nicious — all  proceeding  from  one  com 


mon  fluid.  Much  of  the  food  which  we 
eat,  of  the  dress  which  we  w'ear,  and  of 
the  houses  which  we  inhabit,  is  derived 
from  this  source.  Even  light  and  heat, 
electricity  and  galvanism — substances 
the  most  subtile  and  mysterious,  can  be 
elaborated  by  secretion.  The  electrical 
properties  of  the  Torpedo  are  too  well 
known  to  require  description.  The  Ela- 
ter  noctilucus  shines  so  strongly,  that 
many  Indian  tribes  in  South  America 
were,  at  one  period,  said  to  have  em¬ 
ployed  no  other  light  for  business  than 
that  which  these  insects  emitted  ;  and 
even  now  it  is  customary  for  their  wo¬ 
men  to  wear  them  as  brilliants  in  their 
hair.  The  light  evolved  by  the  Medusa 
pellucens  is  occasionally  so  vivid,  that 
water,  in  which  these  animals  have  been 
for  some  time  confined,  appears,  when 
poured  out,  like  a  stream  of  fire,  or  of 
melted  gold  ;  and  Spallanzani  describes 
an  individual  of  the  same  species  as  quite 
visible,  by  its  own  light,  when  thirty  feet 
below'  the  surface  of  water.  The  Pyre- 
soma  Atlanticum  is  an  elongated  fish, 
which,  when  floating  upon  the  surface 
of  the  ocean,  resembles  a  bar  of  incan¬ 
descent  iron ;  and  the  Pennatula  phos- 
phorea  emits  light  so  copiously,  that 
fishermen,  while  at  work,  are  said  to 
have  availed  themselves  of  its  direction. 

Most  of  our  finest  dyes  and  of  our 
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ctive  medicines  are  animal  secretions. 
The  Tyrian  purple,  so  celebrated  among 
the  ancients,  is  now  known  to  have 
been  obtained  from  different  species  of 
the  Gasteropoda;  the  Romans  em¬ 
ployed  the  black  fluid  secreted  by  the 
cuttlefish  as  an  ink;  the  Indian  ink, 
which  comes  to  us  from  China,  is  sup¬ 
posed  to  be  the  secretion  of  some  Sepia ; 
and  the  colour  called  Sepia  by  painters, 
is  the  inky  fluid  of  this  animal  reduced 
to  dryness.  Musk  is  a  secretion  of  the 
Thibet  musk ;  Castor  is  obtained  from 
a  species  of  Beai'er ;  and  for  Civet  we 
are  indebted  to  the  Civet-cat. 

On  a  former  occasion,  some  account 
was  given  of  the  different  solids  and 
fluids  which  enter  into  the  composi¬ 
tion  of  the  human  body.  It  was  then 
observed  that,  however  dissimilar  the 
former  might  appear,  they  could  be 
arranged  into  three  distinct  classes — into 
cellular,  muscular,  and  nervous  solids  ; 
and  that,  perhaps,  the  least  objectionable 
classification  of  the  latter  was  into 
aqueous,  albuminous,  mucous,  gela 
tinous,  fibrinous,  oleaginous,  resinous, 
and  saline  fluids.  The  general  physical 
and  vital  properties  of  each  solid  were 
likewise  stated;'  the  different  organs 
into  the  composition  of  which  each 
entered  were  enumerated ;  and  the  uses 
to  which  each  was  applicable  were  briefly 
described. 

It  has  been  usual  to  restrict  the  term 
Secretion  to  the  animal  fluids,  but  there 
is  no  reason  why  it  should  not  also  be 
applied  to  the  solids.  Bone  and  muscle, 
tendon  and  skin,  are  as  different  from 
the  general  mass  of  blood,  and  are  as 
dependent  upon  it  for  their  formation, 
as  bile  or  mucus,  tears  or  saliva.  The 
secretion  of  urine  is  as  essential  to  nu¬ 
trition  as  that  of  blood-vessel,  or  nerve ; 
for,  although  this  fluid  is  separated  from 
the  blood  in  order  to  be  expelled,  while 
blood-vessel  and  nerve  are  separated  in 
order  to  be  retained,  yet,  did  the  separa¬ 
tion  of  urine  cease,  the  blood  would  be 
no  longer  fitted  for  the  purposes  of  life, 
and  neither  nerve  nor  blood-vessel  could 
any  longer  be  deposited. 

Chyme,  chyle,  and  blood,  by  far  the 
most  important  fluids  of  the  body, 
because  the  source  of  all  the  rest, 
have  been  already  sufficiently  described ; 
and  as  many  of  those  which  proceed  from 
them  have  nothing  interesting  beyond 
the  theory  of  their  formation,  it  will  not 
be  necessary  to  give  any  further  account 
of  them  here. 


Theory  of  Secretion 

The  secreting  organ  is  so  simple  and  so 
uniform,  the  secreted  substances  are  so 
dissimilar,  and  the  blood,  upon  which 
the  former  operates,  and  from  which  the 
latter  are  produced,  is  so  much  alike  in 
every  part  of  the  body,  that  there  is 
little  apparent  correspondence  between 
the  secreting  instrument  and  its  action. 
Were  glandular  texture  indispensable  to 
secretion,  and  were  the  qualities  of  the 
secreted  substances  invariably  connected 
with  obvious  peculiarities  in  the  texture 
of  the  secreting  organs,  it  might  be 
hoped  that  structure  would  discover  a 
key  to  their  function.  But  when  it  is 
found  that  bodies  evidently  glandular, 
like  the  spleen,  brain,  thyroid,  and  lym¬ 
phatic  glands,  eliminate  no  visible  secre¬ 
tion  ;  that  glands  anatomically  similar 
elaborate  secretions  most  opposite  in 
character ;  that,  while  simple  fluids  are 
sometimes  formed  by  glands,  complex 
fluids  are  frequently  formed  without  them; 
that,  in  fine,  there  are  glands  without 
secretions,  and  secretions  without  glands; 
it  follows  that  gland  and  secretion  can 
have  no  inseparable  connexion;  and  that 
it  is  vain  to  hope  to  explain,  by  mere 
peculiarities  of  structure,  either  the 
general  theory  of  secretion,  or  the  indi¬ 
vidual  varieties  of  the  different  secre¬ 
tions. 

At  the  same  time  it  is  reasonable  to 
believe,  that  structure  does  exert  some 
influence  on  secretion.  The  vessels  of 
each  secreting  organ  differ  in  number 
and  size,  and  they  may  likewise  differ  in 
direction  and  arrangement.  The  same 
remark  is  equally  applicable  to  their 
nerves;  and  though,  in  the  present  state 
of  our  knowledge,  we  are  unable  to  de¬ 
termine  what  influence  such  anatomical 
diversities  may  have  upon  secretion, 
that  some  influence  is  derived  from 
them  is  well  established.  All  animal 
secretions  are  formed  from  the  blood, 
and,  with  the  exception  of  the  bile, 
from  arterial  blood ;  and  although  the 
blood,  as  has  been  shown,  does  not  con¬ 
tain  all  the  proximate  principles  that . 
are  to  be  detected  in  the  animal  secre¬ 
tions,  it  does  contain  the  four  elementary 
principles  that  have  been  described  as 
entering  into  the  composition  of  animal 
matter.  Now,  it  is  the  object  of  secre¬ 
tion  to  combine  and  recombine  these 
elementary  principles  in  such  different 
proportions  as  to  form  out  of  them  the 
different  substances  which  either  the 
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growth  or  the  nutrition  of  the  body  may 
require ;  and  it  is  not  improbable  that 
one  effect  of  structure  is  to  bring  the 
blood  into  circumstances  favourable  to 
such  decompositions  and  such  new  ar¬ 
rangements.  It  is  certain  that  two  cir¬ 
cumstances,  most  essential  to  chemical 
action,  are,  the  minute  division  of  the 
substances  to  be  acted  on,  and  the  close 
approximation  of  their  integrant  par¬ 
ticles.  But  one  great  aim  of  all  the 
secreting  organs,  whether  they  be  simple 
surfaces,  complex  glands,  or  in  what¬ 
ever  mode  they  may  be  varied,  seems  to 
be  to  bring  about  this  minute  division, 
and  this  close  approximation,  of  the 
particles  of  the  blood  which  they  con¬ 
tain.  Hence  the  astonishing  minuteness 
of  the  secreting  arteries,  and  hence  their 
endless  inosculations  with  each  other. 
It  has  furtner  been  conjectured,  that  in 
every  secreting  organ  these  minute 
vessels  differ  in  the  angles  at  which 
they  go  off  from  the  trunk,  in  the  course 
which  they  pursue  through  the  glands, 
and  in  their  length  and  size  ;  that  these 
differences  materially  affect  chemical 
action ;  and  that,  probably,  both  the 
generation  and  transmission  of  the  gal¬ 
vanic  fluid,  the  agency  of  which  in  dis¬ 
solving  old,  and  in  establishing  new 
combinations  is  so  remarkable,  may 
partly  depend  upon  them.  These  con¬ 
siderations,  taken  collectively,  may,  per¬ 
haps,  afford  us  some  assistance  in  con¬ 
ceiving  how  structure  may  minister  to 
the  performance  of  secretion,  how  appa¬ 
rently  trifling  variations  in  the  secreting 
organ  may  produce  most  important 
changes  in  its  results,  how  new  affinities 
may  be  brought  into  operation,  how 
new  combinations  may  be  formed,  how 
new  substances  may  be  generated,  and 
now  these  substances  may  differ  from 
each  other  as  much  as  they  differ  from 
the  common  fluid  out  of  which  they 
spring.  Prout  has  shown  that  urea  is 
composed  of  two  atoms  hydrogen,  one 
atom  oxygen,  and  one  carbon  ;  but  by 
removing  one  of  the  atoms  of  hydrogen, 
the  urea  is  converted  into  sugar ;  and  by 
adding  another  atom  cf  carbon,  lit  hie 
acid  is  produced.  Mucus,  which  is  the 
characteristic  ingredient  of  mucous  se¬ 
cretion,  seems  to  be  albumen  in  a  coagu¬ 
lated  state.  Gelatin,  which  is  the  pecu¬ 
liar  animal  matter  contained  in  gelati¬ 
nous  secretions,  may  be  formed  from 
albumen,  by  digesting  the  latter  in  diluted 
nitric  acid.  Oily  matter  may  be  manu¬ 
factured  out  of  fibrin  by  the  addition  of 


a  little  oxygen,  and  the  red  particles  oi 
the  blood  may  be  converted  into  bile  by 
the  same  process.  It  cannot,  therefore, 
be  denied  that  secretion  is  in  part  a 
chemical  process,  and  that  to  the  vary¬ 
ing  combinations  and  proportions  of  the 
elementary  principles  of  the  blood  may 
be  clearly  traced  many  of  the  substances 
which  are  extracted  from  it.  Still  it  must 
not  be  forgotten  that  unaided  chemistry 
is  very  limited  in  its  influence ;  and  that 
some  other  agent  must  be  looked  for,  by 
which  these  chemical  operations  are 
regulated,  by  which  affinities  are  ar¬ 
ranged,  and  results  are  determined. 
There  is  some  elective  principle  which 
selects  out  of  the  general  mass  of  blood 
such  substances  as  eaclj  secreting  organ 
stands  in  need  of,  which  sends  these 
substances  to  the  appropriate  organ, 
which  determines  the  quantity  sent,  and 
which  consults  the  periods  when  supply 
is  necessary.  This  presiding  principle 
is  life.  When  the  albumen  of  the  blood 
is  coagulated  and  converted  into  mem¬ 
brane,  or  when  its  fibrin  is  oxydated 
and  transformed  into  fat,  the  change,  in 
both  instances,  may  be  immediately 
chemical,  but,  remotely,  it  is  vital. 

The  liver  cannot  secrete  bile  unless 
the  elementary  principles  of  bile  be  con¬ 
tained  in  the  blood  which  it  receives  ; 
and,  in  a  chemical  point  of  view,  it  is 
unimportant  whether  these  principles 
exist  in  the  blood  generally,  or  only  in 
that  portion  of  it  which  supplies  the 
liver.  If  they  exist  in  the  general  mass 
of  blood,  it  is  the  principle  of  life  which 
determines  their  separation  in  the  liver, 
rather  than  in  the  lungs  or  in  the  kid¬ 
neys  ;  and  if  they  be  contained  exclu¬ 
sively  by  the  blood  devoted  to  the  liver, 
it  is  life  to  which  this  exclusive  appro¬ 
priation  is  to  be  ascribed. 

It  is  more  than  probable  that  the 
instrument  by  which  this  vital  principle 
is  brought  to  bear  upon  the  secreting 
apparatus,  is  the  nervous  system:  hence 
the  close  connexion  which  it  has  been 
seen  is  maintained  between  the  ca¬ 
pillary  blood-vessel  and  the  ultimate 
nervous  filament.  That  the  nervous 
system  is  the  communicating  medium 
through  which  life  operates  upon  secre¬ 
tion,  is  favoured  by  various  phenomena, 
and  is  still  more  strongly  supported  by 
direct  experiments.  Grief  relieves  itself 
by  a  flow  of  tears ;  hunger  encourages 
the  secretion  of  gastric  juice  ;  and 
melancholy  is  proverbial  for  accumu¬ 
lating  bile.  During  the  operation  of 
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fear,  the  kidneys  are  frequently  stimu¬ 
lated  to  increased  activity ;  and  the 
smell  of  food  strongly  excites  the  sa¬ 
livary  glands.  The  limb  which  has  been 
palsied  by  a  stroke  of  apoplexy  ema¬ 
ciates  and  decays;  and  by  dividing  the 
nerves  which  supply  the  stomach,  di¬ 
gestion  has  been  effectually  arrested. 
The  stomach  derives  its  nerves  chiefly 
from  the  eighth  pair,  or  par  vagum; 
and  experiment  has  ascertained  that  if  a 
portion  of  this  nerve  be  removed,  the  pro¬ 
cess  of  digestion  is  completely  stopped. 
Two  rabbits  of  about  the  same  size  were 
fed  in  the  same  way  ;  in  both  the  eighth 
pair  of  nerves  were  brought  into  view  ; 
in  one  rabbit  a  part  of  each  nerve  was 
removed  ;  in  the  other,  after  being  raised 
on  a  probe,  both  nerves  were  replaced 
without  further  injury.  After  the  oper¬ 
ation,  both  rabbits  were  alkwed  to  eat 
as  much  parsley  as  they  chose.  When 
the  rabbit,  in  which  part  of  the  nerve 
was  removed,  died  (which  happened  in 
about  twenty  hours  after  the  operation), 
the  other  was  killed.  In  the  former  the 
food  was  found  wholly  undigested,  and 
could  not  be  distinguished  from  parsley 
chopped  small  with  a  knife  ;  but  in  the 
latter,  digestion  had  gone  on  as  usual, 
and  the  food  was  found  just  in  the  same 
state  as  in  a  healthy  rabbit.  These  ex¬ 
periments  (and  they  have  been  variously 
repeated)  strongly  favour  the  view  that 
a  regular  supply  of  the  influence  derived 
from  the  nervous  system  is  necessary  to 
the  process  of  secretion.  But  the  curious 
fact  is,  that  the  absolute  continuity  of  the 
nerves,  through  which  this  influence 
is  to  be  transmitted,  is  not  indispensable 
for  its  conveyance.  Dr.  W.  Philip  and 
Mr.  Brodie  state,  that  if  the  cut  ends  of 
a  divided  nerve  be  placed  at  a  distance 
of  not  more  than  a  quarter  of  an  inch 
from  each  other,  the  current  of  nervous 
energy  is  not  interrupted,  and  that  the  se¬ 
cretions  of  the  organ  to  which  the  nerve 
is  sent  go  on  as  usual ;  but  that  if  a  larger 
portion  of  the  nerve  be  removed,  so  as  to 
separate  its  divided  extremities  to  a 
greater  distance,  the  process  of  secretion 
is  completely  stopped. 

It  has  been  conjectured  that  this 
nervous  influence  is  identical  with,  or 
at  least  is  some  modification  of,  the  elec¬ 
tric  or  galvanic  fluid  ;  and  the  arguments 
by  which  this  conjecture  is  supported 
are  ingenious,  if  not  strong.  Too  little, 
however,  is  as  yet  known  upon  this  point 
to  sanction  any  inference ;  and  there  are 
some  who  feel  strongly  inclined  to  ques¬ 
tion  altogether  the  interference  of  the 


nervous  system  in  the  process  of  secre- 
lion.  It  is  certain  that  the  mole,  or  im¬ 
perfect  child,  which  has  no  nervous 
system,  attains  a  very  considerable  size  ; 
that  a  palsied  limb  can  inflame  and 
suppurate  ;  and  that  the  nostril  and  ear 
of  the  palsied  side  secrete  as  actively  as 
those  of  the  sound  side.  These  and 
many  analogous  facts  are  well  known  ; 
and  if  secretion  can  in  any  case  be  per¬ 
formed  without  nerves,  or  after  the 
nerves  which  do  exist  have  lost  their 
power  by  disease,  the  doctrine,  which 
holds  nervous  energy  to  be  indispensable 
to  this  function,  is  not,  perhaps,  suffi¬ 
ciently  established ;  while,  at  the  same 
time,  it  cannot  be  denied,  that  no  other 
view  is  in  the  aostract  more  plausible, 
or,  when  applied  to  life,  can  illustrate  a 
greater  variety  of  phenomena. 

Absorption. 

It  has  been  more  than  once  observed 
that  a  constant  round  of  expenditure  and 
supply  is  absolutely  necessary  to  the 
continuance  of  existence.  Parts  and. 
organs,  which  are  healthy  and  in  great 
requisition  at  one  period  of  life,  become 
injurious  or  useless  at  another;  new 
functions  are  silently  establishing  them¬ 
selves  upon  the  ruins  of  the  old  ;  and  the 
changing  circumstances,  through  which 
man  passes  during  his  journey  from 
tender  infancy  to  decrepit  age,  are  faith¬ 
fully  met  by  corresponding  and  suitable 
alterations  in  his  structure.  To  have 
those  substances  which  are  secreted 
taken  up  and  removed,  when  they  are  no 
longer  necessary,  is,  therefore,  as  essen¬ 
tial  as  to  have  them  at  first  secreted ;  and 
a  new  function,  called  absorption,  has 
been  established  for  this  purpose.  Nu¬ 
trition  is  the  compound  result  of  secretion 
and  absorption,  and  the  derangement  of 
either  is  equally  injurious.  In  fever  ab¬ 
sorption  is  much  more  active  than 
secretion ;  hence  rapid  emaciation  is 
ope  of  the  most  striking  features  of  that 
disease:  while,  in  dropsy,  more  matter 
is  deposited,  by  the  arteries  than  the  ab¬ 
sorbents  can  remove.  To  preserve  these 
two  functions  in  a  state  of  balance  is  the 
design  of  N ature ;  so  that  no  more  matter 
may  be  secreted  than  can  be  absorbed, 
nor  absorbed  than  can  be  secreted. 
When  thus  equipoised  in  activity,  these 
two  opposing  systems  co-operate  to  the 
same  effect — nutrition ;  one  particle  suc¬ 
ceeds  another  in  slow  and  silent  renova¬ 
tion  ;  every  part  of  the  animal  fabric  is 
gradually  withdrawn,  and  is  as  gradually 
rebuilt ;  and  without  the  disturbance  of  a 


122 


ANIMAL  PHYSIOLOGY. 


fund  ion,  or  the  inconvenience  of  a  tissue, 
this  scientific  masonry  proceeds  until  the 
old  building  is  carefully  pulled  down, 
and  wholly  reconstructed. 

The  apparatus,  by  which  absorption  is 
performed  in  the  human  body,  consists 
of  three  parts, — lacteals,  lymphatics, 
and  absorbent  glands.  These  three  sets 
of  organs  compose  a  distinct  system,  de¬ 
nominated  the  absorbent  system,  which, 
from  its  exceeding  minuteness,  and  the 
consequent  difficulty  of  investigating  its 
structure  and  laws,  was  almost  entirely 
unknown  until  the  beginning  of  the  se¬ 
venteenth  century.  The  lacteals  and 
lymphatics  are,  in  structure,  aspect,  and 
function,  essentially  the  same  vessels. 
Both  arise  and  terminate  in  the  same 
manner,  both  are  equally  minute,  both 
absorb  their  contents  by  the  same  prin¬ 
ciple,  both  circulate  them  by  the  agency 
of  the  same  power,  and  both  carry  them 
to  the  same  place  of  destination.  But  as 
the  fluid  which  the  lacteals  contain  re¬ 
sembles  milk,  being  the  chyle  which  is 
digested  from  the  food,  while  that  which 
the  lymphatics  circulate  is  not  unlike 
water,  and  principally  consists  of  refuse 
matter  that  is  no  longer  adapted  to  the 
purposes  of  nutrition,  these  two  sets  of 
vessels  are  not  only  differently  denomi¬ 
nated,  but  in  general  receive  separate 
and  distinct  descriptions. 

Both  lymphatics  and  lacteals  are  com¬ 
posed  of  two  coats — an  outer  coat, which 
is  not  unlike  the  external  covering  of  a 
vein,  and  an  internal  coat,  which  is 
dense,  smooth,  and  polished.  Between 
these  two  tunics  some  have  supposed  a 
third  to  intervene,  analogous  to  the  mus¬ 
cular  coat  of  arteries  ;  but  the  exist¬ 
ence  of  such  a  coat  has  been  rather  in¬ 
ferred,  because  considered  necessary, 
than  proved  by  having  been  actually  seen. 

The  internal  coat  is  firm  and  strong, 
and  is  thrown  into  crescentic  folds  which, 
as  in  veins,  perform  the  office  of  valves. 
These  valves  occur  in  pairs,  are  ex¬ 
tremely  numerous,  and  give  to  the  ab¬ 
sorbents  that  knotted  and  irregular 
appearance  for  which  they  are  remark¬ 
able  ;  every  knot  or  enlargement  indi¬ 
cating  the  presence  of  a  pair  of  valves. 
Another  obvious  peculiarity  of  these 
vessels  is  their  general  uniformity  of  size. 
When  an  artery  sends  off  a  branch,  it  is 
sensibly  diminished,  or  when  a  vein  re¬ 
ceives  a  branch,  it  is  enlarged ;  but  when 
a  lymphatic  or  lacteal  ramifies  little 
change  of  size,  in  general,  occurs,  whe¬ 
ther  the  branch  given  off  be  large  or 
small.  (Fig.  84.) 


This  figure  represents  the  uniform  size  and  the  gene¬ 
ral  appearance  of  the  lymphatic  vessels :  a  a  a  a, 
lymphatics  in  different  stages  of  their  progress  to¬ 
wards  the  thoracic  duct;  b  b.  an  absorbpnt  gland, 
through  which  two  of  the  lymphatics  pass;  the 
course  of  their  contents  is  indicated  by  the  direc¬ 
tion  of  the  arrows. 

The  lymphatics  arise  by  very  minute 
orifices  from  every  surface  of  the  body 
— from  the  peritoneum  which  lines  the 
abdomen,  from  the  pleura  which  sur¬ 
rounds  the  lungs,  from  the  membranes 
which  encompass  the  brain,  from  the 
mucous,  surface  of  the  trachea,  oeso¬ 
phagus,  and  stomach,  from  the  external 
and  internal  surfaces  of  all  the  viscera, 
and  from  the  external  skin.  (Fig.  85). 


A  portion  of  skin,  the  cuticle  being  removed,  show¬ 
ing  how  the  absorbents  rise  from  it  by  open  mouths. 
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They  likewise  arise  from  the  interior 
of  all  cavities,  from  the  surface  of  mus¬ 
cles,  and,  in  fine,  from  every  part  of 
the  body  which  is  organized  and  sup¬ 
plied  by  blood  vessels.  Like  veins,  the 
lymphatics  are  divided  into  two  distinct 
sets.  One  set  lie  immediately  beneath 
the  skin,  and  may  be  easily  rendered 
visible  by  injection  with  quicksilver; 
the  other  set  are  more  deeply  situated, 
and  are  devoted  to  the  more  internal 
parts  of  the  body.  These  two  orders  of 
vessels  inosculate  freely  with  each  other, 
and  are  similar  in  size,  structure,  and 
aspect. 

The  lacteals  constitute  a  small  but 
most  important  part  of  the  absorbent 
system.  They  take  their  origin  exclu¬ 
sively  from  the  stomach  and  from  the 
intestinal  canal.  The  mucous  or  inter¬ 
im.  86. 


The  appearance  of  file  lacteals  as  they  arise  from  the 
surface  of  the  intestines,  being  white  as  milk. 

nal  coat  of  the  intestines,  in  which  the 
orifices  of  the  lacteals  are  found,  has  a 
soft  and  fleecy  surface,  which  is  covered 
with  small  elevations  called  villi,  not 
unlike  the  pile  of  velvet.  Each  of  these 
villi  seems  to  be  composed  of  an  artery, 
a  vein,  nerves  and  lacteals  bound  toge¬ 
ther  by  cellular  tissue.  Internally  they 
are  divided  into  cells,  and  they  are  ex¬ 
quisitely  sensible,  especially  to  the  sti¬ 
mulus  of  chyle.  They  are  extremely 
numerous  in  the  duodenum,  the  jejunum 
and  ileum  ;  less  so  in  the  coeeum,  and 
colon  ;  and  their  number  is  still  smaller 
in  the  stomach  and  the  rectum.  Liber- 
kuhn  states,  that  by  means  of  the 
microscope  it  may  be  shewn  that  each 
villus  terminates  in  what  he  calls  an 
ampullula,  which  is  an  oval  vesicle, 
having  its  apex  perforated  by  lacteal 
orifices,  through  which  the  chyle,  during 
its  passage  along  the  intestines,  is  taken 
up.  (Figs.  87  and  88.) 

Two  distinct  sets  of  lacteals  can  be 
discovered  upon  the  intestines.  The 


first,  or  external  set,  lie  immediately 
under  the  peritoneal  coat,  and  run  along 
the  gut  in  a  longitudinal  direction  ;  the 
second,  or  deep-seated  set,  lie  beneath 
the  muscular  coat,  and  following  the 
course  of  the  arteries  and  veins  ramify, 
like  them,  with  great  minuteness,  two 
lacteals  in  general  accompanying  each 
(Jig.  87)  artery.  At  first,  these  two  sets 

Fig.  87. 


This  figure  represents  the  villi  aa  they  appear  when 
viewed  through  the  microscope  •  the  orifices  of  the 
lacteals  are  seen  distinctly;  the  lowermost  villus 
so  turgid  with  chyle  that  no  orifices  are  apparent. 


Two  ampullulee  magnified,  turgid  with  chyle. 

of  vessels  run  at  right  angles  with  eacn 
other,  but  after  the  superficial  lacteals 
have  proceeded  some  length  along  the 
intestine,  they  turn  up  at  an  angle  more 
or  less  acute,  towards  the  mesentery, 
where  they  unite  with  the  circular  or 
deep-seated  lacteals ;  after  which  they 
all  ascend  together,  until  meeting  in 
their  course  with  some  absorbent  gland, 
they  enter  its  substance,  and  after  pass¬ 
ing  through  it,  and  uniting  into  one  or 
two  large  trunks,  they  again  issue  from 
its  opposite  extremity,  and  prosecute 
their  way  towards  the  thoracic  duct.  In 
the  adjoining  figure,  (Jig.  90,)  all  these 
particulars  are  beautifully  illustrated. 
A  A,  is  a  piece  of  the  jejunum  ;  b  b  b  b, 
&c.  are  the  superficial  lacteals;  ccc, 
is  the  mesentery  by  which  the  intes¬ 
tines  are  confined  to  the  spine,  and 
within  the  folds  of  which  the  deep- 
seated  lacteals  pass ;  ddd,  the  first 
order  of  the  absorbent  glands  ;‘eee, 
the  second  order,  through  which  the 
trunks  that  issue  from  the  first  order 
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a,  cl,  a  a,  four  lacteal  trunks,  formed  by  an  infinity  of  smaller  lacteals, 
which  arise  from  every  part  of  the  surface  of  the  intestine. 

pass ;  / f,  the  receptaculum  chyli,  or  the  thoracic  duct ;  i  i,  lymphatics 
commencement  of  the  thoracic  duct ;  g,  coming  from  different  parts  of  the  body. 


125 


ANIMAL  PHYSIOLOGY. 


and  uniting  to  form  the  receptaculum 
chyli ;  h,  the  aorta. 

The  thoracic  duct,  g,  or  great  trunk 
of  the  absorbent  system,  is  formed 
by  the  union  of  the  lacteal  trunks  with 
the  two  large  lymphatic  vessels  which 
have  been  before  described.  The  duct, 
at  its  commencement,  is  generally  some¬ 
what  larger  than  at  any  other  part,  and 
this  enlargement  has  received  the  name 
of  receptaculum  chyli,  (or  receptacle  of 
the  chyle  f  /);  which  varies  very 
much  in  size,  being  in  some  instances 
scarcely  perceptible,  while  in  others  it 
has  been  found  no  less  than  half  an 
inch  in  diameter.  This  receptacle  is 
situated  upon  the  second  or  third  ver¬ 
tebra  of  the  loins,  and  the  duct,  as  it 
issues  from  it,  lies  beneath  the  right  arch 
of  the  diaphragm.  After  getting  from 
under  this  muscle,  it  proceeds,  in  com¬ 
pany  with  the  aorta,  along  the  right 
side  of  the  spine,  until  it  reach  the  fifth 
vertebra  of  the  back  ;  where  it  passes 
over  to  the  left  side  of  the  spine  behind 
the  oesophagus.  It  then,  ascending  be¬ 
hind  the  left  carotid  artery,  runs  up  to 
the  interstice  between  the  first  and  se¬ 
cond  vertebrae  of  the  chest,  where,  after 
receiving  the  lymphatics  which  come 
from  the  left  arm,  and  left  side  of  the 
head  and  neck,  it  suddenly  turns  down¬ 
wards,  and  finally  terminates  in  the 
angle  formed  by  the  meeting  of  the  sub¬ 
clavian  and  internal  jugular  veins  of  the 
left  side. 

As  the  general  structure  of  glands  has 
been  already  described,  it  will  be  neces¬ 
sary  to  add  but  little  in  relation  to  the 
anatomy  of  those  which  belong  to  the 
absorbent  system.  In  form  they  are 
not  unlike  an  olive,  being  oval  or  oblong. 
They  are  enclosed  within  an  envelope  of 
condensed  cellular  substance,  and  they 
are  generally  so  situated,  as  to  have 
their  long  axis  placed  in  the  same  line 
with  the  vessels  which  pass  through 
them.  This  investing  membrane  is  so 
loosely  attached  to  them,  that  tolerably 
free  motion  is  allowed,  and  its  cavity 
contains  some  viscid  fluid.  Some  ana¬ 
tomists  assert,  that  these  bodies  consist 
of  convoluted  vessels,  while  others 
maintain,  with  greater  plausibility,  that 
their  internal  structure  is  cellular. 
They  are  found  in  the  greatest  number 
in  the  neighbourhood  of  joints  ;  they  are 
very  susceptible  of  disease,  and  since  the 
absorbents  pass  through  them  in  their 
progress  to  the  thoracic  duct,  it  is  ob¬ 
vious  that  any  important  change  in  their 
structure  must  be  productive  of  the  most 


serious  consequences,  by  retarding  or 
diminishing  the  supply  of  chyle. 

Theory  of  Absorption. 

The  outline,  brief  as  it  is,  which  has 
now  been  given  of  the  anatomy  of  the 
absorbent  system,  will  enable  us  to 
understand  the  course  which  the  sub¬ 
stances  absorbed  take  in  their  journey 
to  the  heart.  The  lymphatics,  arising 
by  small  and  imperceptible  mouths  from 
every  tissue  of  the  body,  and  the  lac- 
teals,  from  the  internal  surface  of  the 
alimentary  canal,  take  up  the  different 
substances  they  are  destined  to  absorb, 
conveying  them  to  one  or  other  of  the 
great  absorbent  trunks  which  have  been 
described,  and  by  those  trunks  pour 
their  contents  either  into  the  left  or  the 
right  subclavian  vein.  In  this  manner, 
provision  is  made  for  furnishing  the 
function  of  secretion  with  a  constant  and 
adequate  supply  of  material :  whence  it 
happens  that,  although  secretions  the 
most  expensive  to  the  system  are  daily 
and  hourly  elaborated,  and  the  heart  is 
every  moment  drained  of  its  blood,  yet 
the  supply  of  chyle  by  the  lacteals,  and 
of  lymph  by  the  lymphatics,  is  so  liberal 
and  so  regular,  that  the  former  can 
never  fail  through  deficiency  of  fluid, 
nor  the  latter  cease  to  act  in  conse¬ 
quence  of  being  permanently  emptied. 

It  becomes,  then,  a  question  of  curi¬ 
ous  interest,  by  what  power  do  the 
lacteals  and  lymphatics  take  up,  in  dif¬ 
ferent  parts  of  the  body,  those  substan¬ 
ces  which  they  are  designed  to  remove, 
and  convey  to  the  heart  the  substances 
they  receive.  There  is  here  no  forcing 
organ  like  the  heart ;  there  are  no  strong 
and  muscular  vessels  like  the  arteries. 
Arising  by  small  and  almost  invisible 
twigs  from  bone  and  muscle,  from  mem¬ 
brane  and  fat,  and  after  a  long  and  cir¬ 
cuitous  course  through  many  oppo¬ 
sing  obstacles,  at  length  terminating 
in  a  vein  at  some  distance  from  the 
heart,  it  is  obvious  that  the  latter  organ 
can  exert  but  little  influence  upon  the 
action  of  the  absorbent  vessels,  and  that 
neither  the  suction  power  of  its  right 
cavities,  nor  the  propelling  power  of  its 
left,  can  materially  assist  the  ascent  of 
the  contents  of  the  absorbents  into  the 
subclavian  vein.  It  has  been  stated, 
that  the  supposed  muscularity  of  the 
absorbents  has  never  yet  been  demon¬ 
strated  j,  and  the  doctrine,  that  their 
extremities  are  continuous  with  those 
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of  the  blood-vessels,  in  consequence  of 
which  the  lymph  is  conceived  to  be  pro¬ 
pelled  along  the  lymphatics,  in  virtue  of 
the  vis  a  tergo  of  the  heart  and  arteries, 
is  inadequate  to  explain  the  function, 
both  because  such  continuity  does  not 
exist,  and  because,  if  it  did,  it  could  not 
account  for  the  motion  of  the  chyle  in 
the  lacteals,  vessels  which  arise  by  open 
mouths  from  the  surface  of  the  intes¬ 
tines. 

That  capillary  attraction  has  some 
share  in  the  performance  of  absorption, 
is,  we  think,  unquestionable  ;  for  after 
life  is  extinct,  and  after  every  living 
agent  has  ceased  to  act,  the  lacteals 
have  been  often  seen  not  only  full  of 
chyle,  but  carrying  their  chyle  actively 
forward  towards  the  thoracic  duct.  This 
phenomenon  can  be  accounted  for  only 
on  the  supposition,  that  the  lacteals  are, 
to  a  certain  extent,  capillary  vessels,  and 
that  they  can  convey  the  chyle  which 
they  contain  a  certain  length  in  virtue 
of  their  capillary  power  ;  hence,  proba¬ 
bly,  the  care  that  has  been  taken  to  con¬ 
fine  the  diameter  of  the  absorbent  ves¬ 
sels  within  a  certain  magnitude,  and  to 
furnish  them  abundantly  with  valves. 
Still,  however,  it  is  uncertain  how  far 
their  capillary  power  extends,  and  to 
what  degree  it  operates — the  size  of 
the  thoracic  duct,  without  doubt,  inca¬ 
pacitating  it  for  exerting  such  a  power, 
and  there  is  reason  to  believe  that  this, 
the  more  difficult  part  of  absorption,  is 
accomplished  by  some  less  mechanical 
and  more  efficient  agency. 

It  has  been  already  stated  that  both 
lacteals  and  lymphatics,  before  arriving 
at  the  thoracic  duct,  invariably  pass 
through  one  or  more  conglobate  glands ; 
that  the  internal  structure  of  these 
glands  is  cellular,  and  that  the  villi  of 
the  mucous  membrane  of  the  intestines 
terminate  in  vesicles  called  ampullulec, 
which,  like  the  absorbent  glands,  are 
composed  of  cells.  These  are  anato¬ 
mical  facts :  it  has  long  been  a  subject 
of  inquiry  why  the  absorbent  vessels 
should  so  universally  and  invariably 
pass  through  one  or  more  of  these 
glands,  although,  in  order  to  do  so,  it 
is  often  necessary  that  they  should  de¬ 
viate  from  their  direct  course.  It  is 
well  known,  that  the  capillary  roots  of 
trees,  and  other  plants,  are  terminated 
by  small  oval  bodies  called  spongiolce ; 
that  if  these  spongiolae  be  removed,  the 
roots  to  which  they  are  attached  lose 
their  absorbing  power,  and  that  the 
vegetable  dies.  It  is  likewise  known 


that  these  spongiolae  are  composed  of 
cells,  which  are  covered  with  a  mem¬ 
branous  envelope  that  contains  some 
fluid,  and  it  has  been  lately  discovered 
by  Dutrochet,  a  French  physiologist  of 
distinction,  that  these  spongiolae  absorb 
nutritive  fluid  from  the  soil  which  sur¬ 
rounds  them,  in  virtue  of  a  principle 
which  he  has  denominated  endosmose. 
That  this  principle  may  operate  with 
energy  three  conditions  are  necessary  ; 
First,  that  the  absorbing  medium  be  an 
organized  vegetable  or  animal  mem¬ 
brane  ;  secondly,  that  there  be  a  fluid 
enclosed  within  this  membrane ;  and 
thirdly,  that  this  internal  fluid  be 
denser  than  the  fluid  without,  which  is 
to  be  absorbed.  By  many  very  able  and 
ingenious  experiments  Dutrochet  has 
ascertained,  that  if  these  three  condi¬ 
tions  be  observed,  a  power  is  generated 
which  can  raise  fluid  up  a  tube  of  any 
height,' with  a  velocity  proportional  to 
the  excess  of  the  density  of  the  interior 
over  the  exterior  fluid.  Into  an  instru¬ 
ment,  which  he  calls  an  enilosmometer , 
Dutrochet  put  a  solution  of  sugar,  of 
the  density  of  1.110,  and  immersed  the 
end  of  the  instrument  in  water.  In  two 
days,  twenty-two  inches  of  a  column  of 
mercury,  the  base  of  which  was  equal 
in  diameter  to  the  piece  of  bladder  which 
was  the  absorbing  membrane  employed, 
was  raised  to  a  height  of  45  inches  and 
9  lines ;  and  the  general  conclusion  to 
which  the  author  arrives,  after  a  great 
many  arguments,  facts,  and  experiments, 
which  we  can  here  merely  refer  to,-  is 
that  by  means  of  a  common  endosmo- 
meter,  such  as  he  employed,  a  syrup 
made  of  sugar,  of  the  density  1.3,  would 
generate  an  endosmosmic  force  sufficient 
to  raise  a  weight  equal  to  four  atmos¬ 
pheres  and  a  half.  Now,  if  is  by  no 
means  improbable,  that  the  absorbent 
glands  are  living  endosmometers.  Like 
spongiolae,  they  are  composed  of  cells  ; 
these  cells  are  surrounded  by  a  mem¬ 
brane,  and  this  membrane  contains  a 
viscid  fluid.  The  three  conditions  ne¬ 
cessary  to  generate  endosmose  are,  there¬ 
fore,  present  and  complete.  The  am- 
pullulae,  which  are  attached  to  the  ex¬ 
tremities  of  the  villi,  and  on  which  the 
lacteals  open,  are  similarly  constructed, 
and,  probably,  act  by  the  agency  of  the 
same  principle ;  and  although  the  orifices 
of  the  lymphatics  are  as  yet  unknown, 
analogy  perhaps  warrants  the  conclu¬ 
sion,  that  they  do  not,  in  this  respect, 
essentially  differ  from  the  lacteals,  which, 
m  all  other  points,  they  closely  resemble. 
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From  some  experiments  which  have 
been  made  with  the  voltaic  pile,  it  would 
seem  that  this  endosmosmic  function, 
however,  is  intimately  connected  with 
galvanic  electricity;  but  want  of  space 
precludes  us  from  further  detail. 

Substances  absorbed. 

As  has  been  already  stated,  the  prin¬ 
cipal  fluid  which  the  lacteals  absorb  is 
chyle,  while  the  variety  of  substances 
upon  which  the  lymphatics  act  is  great. 
Fluids  of  every  consistence,  solids  of 
every  texture,  substances  without  as 
well  as  within  the  body,  the  hard  borie 
and  the  soft  brain,  are  alike  decom¬ 
posed  and  gradually  removed.  The  ra¬ 
pidity  with  which  their  function  is  in 
some  cases  performed  is  remarkable. 
Thus,  a  few  minutes  after  swallowing 
turpentine,  the  urine  smells  strongly  of 
the  odour  of  violets.  In  some  forms  of 
disease  emaciation  proceeds  with  aston¬ 
ishing  rapidity;  cases  of  dropsy  not 
unfrequently  occur,  in  which  most  ex¬ 
tensive  accumulations  of  water  are  re¬ 
moved  in  a  few  hours ;  it  must  be  fami¬ 
liar  to  every  one  how  soon,  after  drink¬ 
ing  plentifully  of  some  diluting  beverage, 
the  kidneys  are  excited  to  increased 
activity. 

In  all  these  instances  the  substances  ab¬ 
sorbed  have  either  been  in  a  fluid  state, 
or  soft,  and  easily  broken  down ;  and 
the  action  necessary  to  accomplish  their 
removal  does  not  seem  so  extraordinary 
as  that  which  affects  the  absorption  of 
bone,  enamel,  and  other  such  hard  ani¬ 
mal  formations.  Still,  however,  bone 
arid  enamel  are  as  easily,  and  as  regu¬ 
larly  absorbed  as  the  most  limpid  fluids. 
In  young  animals  the  long  bones  are 
nearly  solid,  but  those  of  old  animals 
have  a  considerable  internal  cavity ;  the 
osseous  matter  in  the  interior  of  the 
young  bone  having  been  gradually  re¬ 
moved  at  a  more  advanced  period  of 
life.  When  a  portion  of  bone  dies,  or 
becomes  carious  as  it  is  termed,  ossific 
particles  are  deposited  round  the  dis¬ 
eased  bone,  until  an  entirely  new  bone 
is  formed,  and  the  old  bone,  which  is 
then  included  within  the  new,  is  com¬ 
pletely  removed  by  absorption.  How 
structure  so  hard  and  imperishable  can 
be  so  easily  decomposed,  and  so  finely 
comminuted  as  to  be  capable  of  en¬ 
tering  such  delicate  vessels  as  the  lym¬ 
phatics,  it  is  difficult  to  conceive,  but  it 
is  probable  that  some  chemical  agent  is 
at  first  employed,  and  that  the  absor¬ 


bents  begin  to  operate  upon  the  sub¬ 
stances  they  remove,  only  after  the  sub¬ 
tle  chemistry  of  the  animal  economy  has 
prepared  them  for  their  action. 

Excretion 

It  appears,  then,  that  the  substances 
within  the  agency  of  the  absorbent 
system  consist  of  two  classes.  To  the 
first  belong  all  those  substances  which 
are  denominated  recrementitious,  be¬ 
cause  they  are  more  or  less  nutritive, 
and  are  fitted  to  maintain  life;  to  the 
second,  or  the  excrement itious,  belong 
those  which  are  exhausted,  or  injurious. 
Both  are  poured  indiscriminately  into 
the  general  circulation ;  the  former  are 
retained  for  the  purposes  of  nutrition, 
and  the  latter  are  sent  to  the  different 
excretory  organs,  to  be  there  separated 
from  the  blood,  and  finally  to  be  con¬ 
veyed  out  of  the  system.  Some  of  these 
effete  substances  are  carried  to  the  kid¬ 
neys,  and  others  to  the  intestines  ;  while 
some  are  excreted  in  the  form  of  bile, 
and  others  in  that  of  perspirable  matter. 
In  this  manner  every  animal  particle  is 
disposed  of  with. rigid  economy ;  nothing 
which  can  serve  any  useful  purpose  to 
the  system  is  wasted ;  nothing  which 
might  prove  noxious  is  retained,  and 
every  function,  whether  vital  or  animal, 
whether  secretory  or  excretory,  is  thus 
made  conducive  to  the  support,  the 
safety,  or  the  pleasure  of  existence. 

Conclusion. 

We  have  now  completed  our  account 
of  an  extended  circle  of  actions  of  great 
importance  in  the  animal  economy. 
After  having  considered  the  phenomena 
peculiar  to  life,  the  character  by  which 
the  animal  is  distinguished  from  the  ve¬ 
getable,  the  common  tissues  which  enter 
into  the  composition  of  the  human  body, 
and  the  properties  possessed  by  each ; 
we  have  traced  the  series  of  changes  by 
which  a  morsel  of  food,  when  received 
by  the  mouth,  is  converted  into  blood, 
and  the  subsequent  processes  by  which 
it  is  rendered  a  constituent  part  of  the 
body,  and  as  soon  as  it  has  performed  its 
office,  is  removed  out  of  the  system,  in 
order  to  make  room  for  new  matter.  To 
accomplish  these  objects,  the  requisite 
circle  of  functions  comprehends,  as  we 
have  seen,  1st,  Digestion,  by  which 
the  food  is  converted  into  chyle  ;  2dly, 
Respiration,  by  which  the  chyle  is  con¬ 
verted  into  arterial  blood;  3dly,  Circu- 
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lation,  by  which  the  arterial  blood  is 
conveyed  from  the  left  side  of  the  heart 
to  the  system,  and  returned  from  the 
system  to  the  right  side  of  the  heart ; 
4th!y,  Secretion,  by  which  new  particles 
eliminated  from  the  blood  are  deposited, 
when  formed,  by  the  capillary  vessels, 
and  by  which  the  body  is  maintained  in 
a  state  of  perpetual  renovation  ;  5thly, 
Absorption,  by  which  the  old  particles 
are  taken  up  as  the  new  are  laid  down  ; 
and  lastly,  Excretion,  by  which  old 
particles,  that  have  served  their  office  in 
the  economy,  are  conveyed  out  of  the 
system. 

Of  the  apparatus  by  which  these  va¬ 
ried  processes  are  performed,  as  well  as 
of  the  processes  themselves,  we  have 
given  a  brief  account,  which  we  have 
endeavoured  to  render  intelligible  to  the 
reader;  though  we  have  been  sometimes 
embarrassed  by  the  difficulty  of  making 
known  by  description  objects  which 
cannot  be  well  understood  without 
being  seen.  Varied  as  the  processes 
are,  and  numerous  as  we  have  seen  the 
organs  to  be  by  which  they  are  per¬ 
formed,  yet  it  is  obvious  that  they  com¬ 
plete  but  one  function — that  of  nutri¬ 
tion  ;  and  that  they  accomplish  but  one 
object — the  preservation  of  the  indivi¬ 
dual.  The  account  of  this  circle  of 
actions,  therefore,  by  no  means  compre¬ 
hends  the  entire  science  of  physiology, 
which  includes  further  the  functions  of 
locomotion,  the  functions  termed  the 
nervous,  the  sensorial,  and  the  intellec¬ 
tual,  and,  finally,  the  function  of  repro¬ 
duction.  It  is  obvious  that  the  former 
constitute  the  higher  department  of  the 
science  of  physiology,  to  the  considera¬ 
tion  of  which,  it  is  possible,  we  may 
return  at  some  future  period. 

However  brief  and  incomplete  the 
sketch  here  given  of  this  science  may 
be,  yet  it  may  at  least  suffice  to  convey 
a  distinct  conception  of  the  nature  of  the 
phenomena  of  which  it  is  its  province  to 
treat.  In  no  other  department  of  know¬ 
ledge  are  the  facts  unfolded  so  curious, 
and  in  few  are  they  of  greater  practical 
value.  To  shut  out  the  fund  of  infor¬ 


mation  it  contains  from  all  who  do  not 
devote  themselves  to  the  medical  profes¬ 
sion,  is  as  unreasonable  as  it  would  be 
to  exclude  the  knowledge  of  chemistry 
from  every  one  but  the  practical  phar¬ 
maceutist.  This  treatise  will  not  have 
been  written  in  vain,  if  it  should  do  no 
more  than  shew  that  the  science  of  life 
is  perfectly  open  to  the  student  of  na¬ 
ture,  to  the  cultivation  of  which  he  may 
approach  without  the  apprehension  of 
meeting  with  any  extraordinary  difficul¬ 
ties.  The  obvious  and  peculiar  advan¬ 
tages  of  this  kind  of  knowledge  are,  that 
it  would  enable  its  possessor  to  take  a 
more  rational  care  of  his  health;  to 
perceive  why  certain  circumstances  are 
beneficial  or  injurious;  to  understand  in 
some  degree  the  nature  of  disease,  and 
the  operation  as  well  of  the  agents  which 
produce  it,  as  of  those  which  counteract 
it ;  to  observe  the  first  beginnings  of 
deranged  function  in  his  own  person  ; 
to  give  to  his  physician  a  more  intelli¬ 
gible  account  of  his  train  of  morbid 
sensations  as  they  arise ;  and  above  all,  to 
co-operate  with  him  in  removing  the 
morbid  state  on  which  they  depend,  in¬ 
stead  of  defeating,  as  is  now,  through 
gross  ignorance,  constantly  done,  the 
best  concerted  plans  for  the  renovation 
of  health.  It  would  likewise  lay  the 
foundation  for  the  attainment  of  a  more 
just,  accurate,  and  practical  knowledge 
of  our  intellectual  and  moral  nature. 
There  is  a  physiology  of  the  mind  as 
well  as  of  the  body;  both  are  so  inti-' 
mately  united,  that  neither  can  be  well 
understood  without  the  study  of  the 
other  ;  and  the  physiology  of  man  com¬ 
prehends  both.  Were  even  what  is  al¬ 
ready  known  of  this  science,  and  what 
might  be  easily  communicated,  made  a 
part  of  general  education,  how  many 
evils  wmuld  be  avoided,  how  much  light 
would  be  let  in  upon  the  understanding, 
and  how  many  aids  would  be  afforded 
to  the  acquisition  of  a  sound  body  and  a 
vigorous  mind ; — pre-requisites  more  im¬ 
portant  than  are  commonly  supposed,  to 
the  attainment  of  wisdom  and  the  prac¬ 
tice  of  virtue. 
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OR, 
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THE  PERFECTION  OF  DESIGN  IN  THE  BONES  OF  THE  HEAD,  SPINE,  AND 
CHEST,  SHOWN  BY  COMPARISON  WITH  ARCHITECTURAL 
AND  MECHANICAL  CONTRIVANCES. 


Introduction. 

To  prepare  us  for  perceiving  design  in 
the  various  internal  structures  of  an 
animal  body,  we  must  first  of  all  know, 
that  perfect  security  against  accidents 
is  not  consistent  with  the  scheme  of  na¬ 
ture.  A  liability  to  pain  and  injury 
only  proves  how  entirely  the  human 
body  is  formed  with  reference  to  the 
mind  ;  since,  without  the  continued  call 
to  exertion,  which  danger  and  the  un¬ 
certainty  of  life  infer, — the  development 
of  our  faculties  would  be  imperfect,  and 
the  mind  would  remain,  as  it  were,  un¬ 
educated. 

The  contrivances  (as  we  should  say  of 
things  of  art)  for  protecting  the  vital  or¬ 
gans  are  not  absolute  securities  against 
accidents  ;  but  they  afford  protection 
in  that  exact  measure  or  degree  cal¬ 
culated  to  resist  the  shocks  and  pres¬ 
sure  to  which  we  are  exposed  in  the 
common  circumstances  of  life.  A  man 
can  walk,  run,  leap,  and  swim,  because 
the  texture  of  his  frame,  the  strength 
and  power  of  his  limbs,  and  the  specific 
gravity  of  his  body  are  in  relation  with 
all  around  him.  But,  were  the  atmos¬ 
phere  lighter,  the  earth  larger,  or  its 
attraction  more — were  he,  in  short,  an 
inhabitant  of  another  planet,  there 
would  be  no  correspondence  between 
the  strength,  gravity,  and  muscular 
power  of  his  body,  and  the  elements 
around  him,  and  the  balance  in  the 
chances  of  life  would  be  destroyed. 

Without  such  considerations  the 
reader  would  fall  into  the  mistake,  that 
weakness  and  liability  to  fracture  imply 
imperfection  in  the  frame  of  the  body, 
whereas  a  deeper  contemplation  of  the 
subject  will  convince  him  of  the  incom¬ 
parable  perfection  both  of  the  plan  and 
of  the  execution.  The  body  is  intended 
to  be  subject  to  derangement  and  acci¬ 
dent,  and  to  become,  in  the  course  of 


life,  more  and  more  fragile,  until,  by 
some  failure  in  the  frame-work  or  vital 
actions,  life  terminates. 

And  this  leads  us  to  reflect  on  the 
best  means  of  informing  ourselves  of. 
the  intention  or  design  shown  in  this 
fabric.  Can  there  be  any  better  mode 
of  raising  our  admiration  than  by  com¬ 
paring  it  with  things  of  human  inven¬ 
tion  ?  It  must  be  allowed,  that  we 
shall  not  find  a  perfect  analogy.  If  we 
compare  it  with  the  forms  of  architec¬ 
ture — the  house  or  the  bridge  are  not 
built  for  motion,  but  for  solidity  and 
firmness,  on  the  principle  of  gravitation. 
The  ship  rests  in  equilibrium  prepared 
for  passive  motion,  and  the  con¬ 
trivances  of  the  ship-builders  are  for 
resisting  an  external  force:  whilst  in 
the  animal  body  we  perceive  securities 
against  the  gravitation  of  the  parts, 
provisions  to  withstand  shocks  and  in¬ 
juries  from  without,  at  the  same  time 
that  the  framework  is  also  calculated 
to  sustain  an  internal  impulse  from 
the  muscular  force  which  moves  the 
bones  as  levers,  or,  like  a  hydraulic- 
engine,  propels  the  fluids  through  the 
body. 

As  in  things  artificially  contrived, 
lightness  and  motion  are  balanced 
against  solidity  and  weight,  it  is  the 
same  in  the  animal  body.  A  house 
is  built  on  a  foundation  immoveable, 
and  the  slightest  shift  of  the  ground, 
followed  by  the  ruin  of  the  house, 
brings  no  discredit  on  the  builder; 
for  he  proceeds  on  the  certainty  of 
strength  from  gravitation  on  a  fixed 
foundation.  But  a  ship  is  built  with 
reference  to  motion,  to  receive  an  im¬ 
pulse  from  the  wind,  and  to  move 
through  the  water.  In  comparison  with 
the  fabric  founded  on  the  fixed  and 
solid  ground,  it  becomes  subjected  to 
new  influences,  and  in  proportion  as 
it  is  fitted  to  move  rapidly  in  a  light 
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breeze,  it  is  exposed  to  founder  in  the 
storm.  A  log  of  wood,  or  a  Dutch 
dogger  almost  as  solid  as  a  log,  is  com¬ 
paratively  safe  in  the  trough  of  the  sea 
during  a  storm — when  a  bark,  slightly 
built  and  fitted  for  lighter  breezes, 
would  be  shaken  to  pieces :  that  is  to 
say,  the  masts  and  rigging  of  a  ship 
(the  provisions  for  its  motion)  may  be¬ 
come  the  source  of  weakness,  and,  per¬ 
haps,  of  destruction ;  and  safety  is  thus 
voluntarily  sacrificed  in  part,  to  obtain 
another  property  of  motion. 

So  in  the  animal  body:  sometimes 
we  see  the  safety  of  parts  provided  for 
by  strength  calculated  for  inert  resist¬ 
ance  ;  but  when  made  for  motion,  when 
light  and  easily  influenced,  they  become 
proportionally  weak  and  exposed,  unless 
some  other  principle  be  admitted,  and 
a  different  kind  of  security  substituted 
for  that  of  weight  and  solidity :  still  a 
certain  insecurity  arises  from  this  deli¬ 
cacy  of  structure. 

We  shall  afterwards  have  occasion  to 
show  that  there  is  always  a  balance 
between  the  power  of  exertion  and  the 
capability  of  resistance  in  the  living 
body.  A  horse  or  a  deer  receives  a 
shock  in  alighting  from  a  leap;  but 
still  the  inert  power  of  resisting  that 
shock  bears  a  relation  to  the  muscular 
power  with  which  they  spring.  And  so 
it  is  in  a  man :  the  elasticity  of  his 
limbs  is  always  accommodated  to  his 
activity;  but  it  is  obvious,  that  in  a 
fall,  the  shock,  which  the  lower  ex¬ 
tremities  are  calculated  to  resist,  may 
come  on  the  upper  extremity,  which, 
from  being  adapted  for  extensive 
and  rapid  motion,  is  incapable  of  sus¬ 
taining  the  impulse,  and  the  bones  are 
broken  or  displaced. 

The  analogy  between  the  structure  of 
the  human  body  and  the  works  of  hu¬ 
man  contrivance,  which  we  have  to 
bring  in  illustration  of  the  designs  of 
nature,  is,  therefore,  not  perfect :  since 
sometimes  the  material  is  different, 
sometimes  the  end  to  be  attained  is  not 
precisely  the  same ;  and,  above  all,  in 
the  animal  body  a  double  object  is  often 
secured  by  the  structure  or  framework, 
which  cannot  be  accomplished  by  mere 
human  ingenuity,  and  of  which,  there¬ 
fore,  we  can  offer  no  illustration  strict¬ 
ly  corrrect. 

However  ingenious  our  contrivances 
may  be,  they  are  not  only  limited,  but 
they  present  a  sameness  which  becomes 
tiresome.  Nature,  on  the  contrary, 
gives  us  the  same  objects  of  interest,  or 


images  of  beauty,  with  such  variety,  that 
they  lose  nothing  of  their  influence  and 
their  attraction  by  repetition. 

If  the  reader  has  an  imperfect  no¬ 
tion  of  design  and  providence,  from  a 
too  careless  survey  of  external  nature, 
and  the  consequent  languor  of  his  re¬ 
flexions,  we  hope  that  the  mere  novelty 
of  the  instances  we  are  about  to  place 
before  him,  may  carry  conviction 
to  his  mind ;  for  we  are  to  draw  from 
nature  still,  but  in  a  field  which  has 
been  left  strangely  neglected,  though 
the  nearest  to  us  of  all,  and  of  all  the 
most  fruitful. 

Men  proceed  in  a  slow  course  of  ad¬ 
vancement  in  architectural,  or  mecha¬ 
nical,  or  optical  sciences ;  and  when  an 
improvement  is  made,  it  is  found  that 
there  are  all  along  examples  of  it  in  the 
animal  body,  which  ought  to  have  been 
marked  before,  and  which  might  have 
suggested  to  us  the  improvement.  It 
is  surprising  that  this  view  of  the  sub¬ 
ject  has  seldom,  if  ever,  been  taken 
seriously,  and  never  pursued.  Is  the 
human  body  formed  by  an  all-perfect 
Architect,  or  is  it  not  ?  And,  if  the 
question  be  answered  in  the  affirmative, 
does  it  not  approach  to  something  like 
infatuation,  that  possessing  such  per¬ 
fect  models  as  we  have  in  the  anatomy 
of  the  body,  we  yet  have  been  so  prone 
to  neglect  them  ? 

We  undertake  to  prove,  that  the 
foundation  of  the  Eddystone  light¬ 
house,  the  perfection  of  human  archi¬ 
tecture  and  ingenuity,  is  not  formed  on 
principles  so  correct,  as  those  which 
have  directed  the  arrangement  of  the 
bones  of  the  foot ;  That  the  most  per¬ 
fect  pillar  or  kingpost  is  not  adjusted 
with  the  accuracy  of  the  hollow  bones 
which  support  our  weight ;  That  the 
insertion  of  a  ship's  mast  into  the  hull 
is  a  clumsy  contrivance  compared  with 
the  connexions  of  the  human  spine  and 
pelvis ;  And  that  the  tendons  are  com¬ 
posed  in  a  manner  superior  to  the  last 
patent  cables  of  Huddart,  or  the  yet 
more  recently  improved  chain-cables  of 
Bloxam. 


Let  us  assume  that  the  head  is  the 
noblest  part.;  and  let  us  examine  the 
carpentry  and  architectural  contrivances 
exhibited  there. 

But,  before  we  give  ourselves  up  to 
the  interest  of  this  subject,  it  will  gra¬ 
tify  us  to  express  our  conviction,  that 
the  perfection  of  the  plan  of  animal 
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bodies,  the  demonstration  of  contri¬ 
vance  and  adaptation,  but  more  than 
these,  the  proof  of  the  continual  opera¬ 
tion  of  the  power  which  originally  cre¬ 
ated  the  system,  are  evinced  in  the  pro¬ 
perty  of  life, — in  the  adjustment  of  the 
various  sensibilities, — in  the  tine  order 
of  the  moving  parts  of  the  body, — in 
the  circulation  of  living  blood, — in  the 
continual  death  of  particles,  and  their 
removal  from  the  frame, — in  the  per¬ 
manence  of  the  individual  whilst  every 
material  particle  of  his  frame  is  a  thou¬ 
sand  times  *  changed  in  the  progress  of 
his  life.  But  this  is  altogether  a  dis¬ 
tinct  inquiry,  and  we  are  deterred  from 
touching  upon  it,  not  more  from  know¬ 
ing  that  our  readers  are  not  initiated 
into  it,  than  from  the  depth  and  very 
great  difficulty  of  the  subject. 


Chapter  I. 

Architecture  of  the  Skull. 

It  requires  no  disquisition  to  prove 
that  the  brain  is  the  most  essential 
organ  of  the  animal  system,  and  being 
so,  we  may  presume  that  it  must  be 
especially  protected.  We  are  now  to 
inquire  how  this  main  object  is  at¬ 
tained  ? 

We  must  first  understand  that  the 
brain  may  be  hurt,  not  only  by  sharp 
bodies  touching  and  entering  it,  but  by 
a  blow  upon  the  head  which  shall  vi¬ 
brate  through  it,  without  the  instru¬ 
ment  piercing  the  skull.  Indeed,  a  blow 
upon  a  man’s  head,  by  a  body  which 
shall  cause  a  vibration  through  the  sub¬ 
stance  of  the  brain,  may  more  effec¬ 
tually  deprive  him  of  sense  and  mo¬ 
tion  than  if  an  axe  or  a  sword  pene¬ 
trated  into  the  substance  of  the  brain 
itself. 

Supposing  that  a  man’s  ingenuity 
were  to  be  exercised  in  contriving  a 
protection  to  the  brain,  he  must  per¬ 
ceive  that  if  the  case  were  soft,  it  would 
be  too  easily  pierced ;  that  if  it  were  of 
a  glassy  nature,  it  would  be  chipped 
and  cracked ;  that  if  it  were  of  a  sub¬ 
stance  like  metal,  it  would  ring  and  vi¬ 
brate,  and  communicate  the  concussion 
to  the  brain. 


*  The  old  philosophers  gave  out  that  the  human 
body  was  seven  times  changed  during  the  natural 
life.  Modern  discoveries  have  shown  that  the  hard¬ 
est  material  of  the  frame  is  changing  continually  ; 
that  is,  every  instant  of  time,  from  birth  to  death,  . 


Further  thoughts  might  suggest,  that 
whilst  the  case  should  be  made  firm  to 
resist  a  sharp  point,  the  vibrations  of  that 
circular  case  might  be  prevented  by 
lining  it  with  a  softer  material ;  no  bell 
would  vibrate  with  such  an  incum¬ 
brance;  the  sound  would  be  stopped 
like  the  ringing  of  a  glass  by  the  touch 
of  a  finger. 

If  a  soldier’s  head  be  covered  with  a 
steel  cap,  the  blow  of  a  sword  which 
does  not  penetrate  will  yet  bring  him 
to  the  ground  by  the  percussion  which 
extends  to  the  brain ;  therefore,  the 
helmet  is  lined  with  leather,  and  covered 
with  hair;  for,  although  the  hair  is 
made  an  ornament,  it  is  an  essential 
part  of  the  protection :  we  may  see  it 
in  the  head-piece  of  the  Roman  soldier, 
where  all  useless  ornament  being  de¬ 
spised  as  frivolous,  was  avoided  as 
cumbrous. 

We  now  perceive  why  the  skull  con¬ 
sists  of  two  plates  of  bone,  one  exter¬ 
nal,  which  is  fibrous  and  tough,  and 
one  internal,  dense  to  such  a  degree 
that  the  anatomist  calls  it  tabula  vitrea 
(the  glassy  table.) 

Nobody  can  suppose  this  to  be  acci¬ 
dental.  It  has  just  been  stated,  that 
the  brain  may  be  injured  in  two  ways  : 
a  stone  or  a  hammer  may  break  the 
skull,  and  the  depressed  part  of  the 
bone  injure  the  brain ;  whilst,  on  the 
other  hand,  a  mallet  struck  upon  the 
head  will,  without  penetrating,  effec¬ 
tually  deprive  the  brain  of  its  func¬ 
tions,  by  causing  a  vibration  which  runs 
round  the  skull  and  extends  to  eveiy 
portion  of  its  contents. 

Were  the  skull,  in  its  perfect  or  ma¬ 
ture  state,  softer  than  it  is,  it  would  be 
like  the  skull  of  a  child ;  were  it  harder 
than  we  find  it  is,  it  would  be  like  that 
of  an  old  man.  In  other  words,  as  in 
the  former  it  would  be  too  easily  pierced, 
so,  in  the  latter,  it  would  vibrate  too 
sharply  and  produce  concussion.  The 
skull  of  an  infant  is  a  single  layer  of 
elastic  bone ;  on  the  approach  to  man¬ 
hood  it  separates  into  two  tables ;  and 
in  old  age  it  again  becomes  consoli¬ 
dated.  During  the  active  years  of 
man’s  life  the  skull  is  perfect :  it  then 
consists  of  two  layers,  united  by  a 
softer  substance ;  the  inner  layer  is 
brittle  as  glass,  and  calculated  to  resist 
anything  penetrating;  the  outer  table 
is  tough,  to  give  consistence,  and  to 
stifle  the  vibration  which  would  take 
place  if  the  whole  texture  were  uniform 
and  like  the  inner  table. 

b  2 
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The  alteration  in  the  substance  of  the 
bones,  and  more  particularly  in  the 
skull,  is  marvellously  ordered  to  follow 
the  changes  in  the  mind  of  the  creature, 
from  the  heedlessness  of  childhood  to 
the  caution  of  age,  and  even  the  help¬ 
lessness  of  superannuation. 

The  skull  is  soft  and  yielding  at  birth ; 
during  childhood  it  is  elastic,  and  little 
liable  to  injury  from  concussion ;  and 
during  youth,  and  up  to  the  period  of 
maturity,  the  parts  which  come  in  con¬ 
tact  with  the  ground,  are  thicker,  whilst 
the  shock  is  dispersed  towards  the  su¬ 
tures  (the  seams  or  joinings  of  the 
pieces),  which  are  still  loose.  But  when, 
with  advancing  years,  something  tells  us 
to  give  up  feats  of  activity,  and  falls  are 
less  frequent,  the  bones  lose  that  nature 
which  would  render  concussion  harm¬ 
less,  and  at  length  the  timidity  of  age 
teaches  man  that  his  structure  is  no 
longer  adapted  to  active  life. 

We  must  understand  the  necessity  of 
the  double  layer  of  the  skull,  in  order 
to  comprehend  another  very  curious 
contrivance.  The  sutures  are  the  lines  of 
union  of  the  several  bones  which  form 
the  cranium *,  and  surround  and  protect 
the  brain.  These  lines  of  union  are 
called  sutures  (from  the  Latin  word  for 
sewing),  because  they  resemble  seams. 
If  a  workman  were  to  inspect  the  join¬ 
ing  of  two  of  the  bones  of  the  cranium, 
he  would  admire  the  minute  dove-tail¬ 
ing  by  which  one  portion  of  the  bone 
is  inserted  into,  and  surrounded  by,  the 
other,  whilst  that  other  pushes  its  pro¬ 
cesses  orjuttings  out  between  those  of  the 
first  in  the  same  manner,  and  the  fibres 
of  the  two  bones  are  thus  interlaced,  as 
you  might  interlace  your  fingers.  But 
when  you  look  to  the  internal  surface, 
you  see  nothing  of  this  kind  ;  the  bones 
are  here  laid  simply  in  contact,  and  this 
line  by  anatomists  is  called  harmonia, 
or  harmony:  architects  use  the  same 
term  to  imply  the  joining  by  masonry. 
Whilst  the  anatomists  are  thus  curious 
in  names,  it  is  provoking  to  find  them 
negligent  of  things  more  interesting. 
Having  overlooked  the  reason  of  the 
difference  in  the  tables  of  bone,  they 
are  consequently  blind  to  the  purpose  of 
this  difference  of  the  outward  and  in¬ 
ward  part  of  a  suture. 


*  Cranium ,  from  a  Greek  word  signifying  a  hel¬ 
met.  The  cranium  is  the  division  of  the  skull  ap¬ 
propriated  to  the  protection  of  the  brain  ;  it  consists 
of  six  bones — the  frontal  (or  forehead^ ;  two  parietal 
(walls  or  side  bones);  the  occipital  (back  of  the 
head) ;  and  two  temporal  (or  temple)  bones. 


Suppose  a  carpenter  employed  upon 
his  own  material,  he  would  join  a  box 
with  minute  and  regular  indentations 
by  dovetailing,  because  he  knows  that 
the  material  on  which  he  works,  from 
its  softness  and  toughness,  admits  of 
such  adjustment  of  its  edges.  The  pro¬ 
cesses  of  the  bone  shoot  into  the  oppo¬ 
site  cavity  with  an  exact  resemblance 
to  the  foxtail  wedge  of  the  carpenter — 
a  kind  of  tenon  and  mortice  when  the 
pieces  are  small. 

But  if  a  workman  in  glass  or  marble 
were  to  inclose  some  precious  thing,  he 
would  smooth  the  surfaces  and  unite 
them  by  cement,  because,  even  if  he 
could  succeed  in  indenting  the  line  of 
union,  he  knows  that  his  material  would 
chip  off  on  the  slightest  vibration. 
The  edges  of  the  marble  cylinders 
which  form  a  column  are,  for  the  same 
reason,  not  permitted  to  come  in  con¬ 
tact;  thin  plates  of  lead  are  inter¬ 
posed  to  prevent  the  edges,  technically 
termed  arrises,  from  chipping  off  or 
splitting. 

Now  apply  this  principle  to  the  skull. 
The  outer  softer  tough  table,  which  is 
like  wood,  is  indented  and  dovetailed  ; 
the  inner  glassy  table  has  its  edges 
simply  laid  in  contact.  It  is  mortifying 
to  see  a  course  of  bad  reasoning  obscure 
this  beautiful  subject.  They  say  that 
the  bone  growing  from  its  centre,  and 
diverging,  shoots  its  fibres  betwixt  those 
which  come  in  an  opposite  direction ; 
thus  making  one  of  the  most  curious 
provisions  of  nature  a  tiling  of  accident. 
Is  it  not  enough  to  ask  such  reasoners, 
why  there  is  not  a  suture  on  the  inside 
as  well  as  on  the  out  ? 

The  junction  of  the  bones  of  the  head 
generally  being  thus  exact,  and  like  the 
most  finished  piece  of  cabinet  work, 
let  us  next  inquire,  whether  there  be 
design  or  contrivance  shown  in  the  man¬ 
ner  in  which  each  bone  is  placed  upon 
another. 


Fig  l. 
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A.  The  parietal  bone. 

B.  The  frontal  bone. 

C.  The  occipitalbone. 

D.  The  temporal  bone. 

E.  The  sphenoid  bone. 

When  we  look  upon  the  side  of  the 
skull  thus,  the  temporal  suture  betwixt 
the  bones  A  and  D  is  formed  in  a  pecu¬ 
liar  manner;  the  lower,  or  temporal, 
bone  laps  over  the  superior,  or  parietal, 
bone.  This,  too,  has  been  misunder¬ 
stood  :  that  is  to  say,  the  plan  of  the 
building  of  the  bones  of  the  head  has 
not  been  considered ;  and  this  joining, 
called  the  squamous*  suture,  which 
is  a  species  of  scarfing,  has  been 
supposed  a  mere  consequence  of  the 
pressure  of  the  muscle  which  moves  the 
jaw. 

Dr.  Monro  says,  “  the  manner  how 
I  imagine  this  sort  of  suture  is  formed 
at  these  places,  is,  that  by  the  action  of 
the  strong  temporal  muscles  on  one 
side,  and  by  the  pressure  of  the  brain 
on  the  other,  the  bones  are  made  so 
thin  that  they  have  not  large  enough 
surfaces  opposed  to  each  other  to  stop 
the  extension  of  their  fibres  in  length, 
and  thus  to  cause  the  common  serrated 
appearance  of  sutures  ;  but  the  narrow 
edge  of  the  one  bone  slides  over  the 
other.’ 

The  very  name  of  the  bones  might 
suggest  a  better  explanation.  The  ossa 
parietaliaf  are  the  two  large  bones  in  a 
regular  square,  serving  as  walls  to  the 
interior  or  room  of  the  head,  where  the 
brain  is  lodged. — See  Kin  the  foregoing 
figure. 

Did  the  reader  ever  notice  how  the 
walls  of  a  house  are  assisted  when  thin 
and  overburdened  with  a  roof? 

The  wall  plate  is  a  portion  of  timber 
built  into  the  wall,  to  which  a  transverse 
or  tie-beam  is  attached  by  carpentry. 
This  cogging,  as  it  is  termed,  keeps 
the  wall  in  the  perpendicular,  and  pre¬ 
vents  any  lateral  pressure  of  the  roof.J 
We  sometimes  see  a  more  clumsy  con¬ 
trivance,  a  clasp,  or  a  round  plate  of 
iron,  upon  the  side  of  a  wall ;  this  has 
a  screw  going  into  the  ends  of  a  cross¬ 
beam,  and  by  embracing  a  large  portion 
of  the  brick-work,  it  holds  the  wall 


#  From  squama,  the  Latin  for  a  scale,  the  thin 
edges  lying  over  each  other  like  the  scales  of  a  fish. 

{  From  the  Latin  word  paries,  a  wall. 

\  In  the  second  Treatise  on  Heat,  the  reader  •will 
find  an  account  of  the  manner  in  which  the  expan¬ 
sion  of  iron  by  heat,  and  its  subsequent  contraction 
on  cooling,  is  used  in  order  to  cog  great  buildings. 


from  shifting  at  this  point.  Or  take 
the  instance  of  a  roof  supported  on  in-* 
dined  rafters,  A  B  : — 


Fig.  2. 


Were  they  thus,  without  further  secu¬ 
rity,  placed  upon  the  walls,  the  weight 
would  tend  to  spur  or  press  out  the 
walls,  which  must  be  strong  and  heavy 
to  support  the  roof ;  therefore,  the  ske¬ 
leton  of  the  roof  is  made  into  a  truss, 
(for  so  the  whole  joined  carpentry  is 
called.)  The  upper  cross-beam  marked 
by  the  dotted  lines  C,  is  a  collar-beam, 
connecting  the  rafters  of  the  roof,  and 
stiffening  them,  and  making  the  weight 
bear  perpendicularly  upon  the  walls. 
When  the  transverse  beam  joins  the 
extremities  of  the  rafters,  as  indicated 
by  the  lower  outline  D,  it  is  called  a  tie- 
beam,  and  is  more  powerful  still  in  pre¬ 
venting  the  rafters  from  pushing  out  the 
walls. 

Now  when  a  man  bears  a  burden 
upon  his  head,  the  pressure,  or  hori¬ 
zontal  push,  comes  upon  the  lower  part 
of  the  parietal  bones,  and  if  they  had 
not  a  tie-beam,  they  would,  in  fact,  be 
spurred  out,  and  the  bones  of  the  head 
be  crushed  down.  But  the  temporal 
bone  D,  and  still  more,  the  sphenoid 
bone  E,  by  running  across  the  base  of 
the  skull,  and  having  their  edges  lap¬ 
ping  over  the  lower  part  of  the  great 
walls,  or  the  parietal  bones,  lock  in 
the  walls  as  if  they  had  iron  plates, 
and  answer  the  purpose  of  the  tie-beam 
in  the  roof,  or  the  iron  plate  in  the  walls. 
But  the  connexion  is  at  the  same  time 
so  secure,  that  these  bones  act  equally 
as  a  straining  piece,  that  is,  as  a  piece 
of  timber,  preventing  the  tendency  of 
the  sides  of  the  skull  to  each  other. 

It  may  be  said,  that  the  skull  is  not 
so  much  like  the  wall  of  a  house  as  like 
the  arch  of  a  bridge :  let  us  then  con¬ 
sider  it  in  this  light. 

We  have  here  the  two  parietal  bones, 
separated  and  resting  against  each 
other,  so  as  to  form  an  arch.  In  the 
centering,  which  is  the  wooden  frame 
for  supporting  a  stone  arch  while  build¬ 
ing,  there  are  some  principles  that  are 
applicable  to  the  head 
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We  see  that  the  arch  formed  by  the 
two  parietal  bones  is  not  a  perfect  semi- 

Fig.  3. 


B 


circle ;  there  is  a  projection  at  the  centre 
of  each  bone,  the  bone  is  more  convex, 
and  thicker  at  this  part. 

The  cause  assigned  for  this  is,  that 
it  is  the  point  from  which  ossification 
begins,  and  where  it  is,  therefore,  most 
perfect.  But  this  is  to  admit  a  dan¬ 
gerous  principle,  that  the  forms  of  the 
bones  are  matter  of  chance :  and  thence 
we  are  left  without  a  motive  for  study, 
and  make  no  endeavour  to  comprehend 
the  uses  of  parts.  We  find  that  all  the 
parts  which  are  most  exposed  to  injury 
are  thus  strengthened the  centre  of 
the  forehead,  tire  projecting  point  of  the 
skull  behind,  and  the  lateral  centres  of 
the  parietal  and  frontal  bones.  The 
parts  of  the  head  which  would  strike 
upon  the  ground  when  a  man  falls,  are 
the  strongest,  and  the  projecting  arch 
of  the  parietal  bone  is  a  protection  to 
the  weaker  temporal  bone. 

If  we  compare  the  skull  to  the  center¬ 
ing ,  where  a  bridge  is  to  be  built  over 
a  navigable  river,  and  consequently 
where  the  space  must  be  free  in  the 
middle,  we  find  that  the  scientific  work¬ 
men  are  careful,  by  a  transverse  beam, 
to  protect  the  points  where  the  princi¬ 
pal  thrust  will  be  made  in  carrying  up 
the  masonry  :  this  beam  does  not  act  as 
a  tie-beam,  but  as  a  straining-picce, 


Fig.  4. 


preventing  the  arch  from  being  crushed 
in  at  this  point. 

The  necessity  of  strengthening  certain 
points  is  well  exhibited  in  the  carpentry 
of  roofs.  In  this  figure  it  is  clear,  that 
the  points  A  A  will  receive  the  pressure 
of  the  roof,  and  if  the  joining  of  the 
puncheons*  and  rafters  be  not  secure, 
it  will  sink  down  in  the  form  of  the 
dotted  line.  The  workmen  would  apply 
braces  at  these  angles  to  strengthen 
them. 

In  the  arch,  and  at  the  corresponding 
points  of  the  parietal  bones,  the  object 
is  attained  by  strengthening  these 
points  by  increase  of  their  convexity 
and  thickness ;  and  where  the  work¬ 
man  would  support  the  angles  by  braces, 
there  are  ridges  of  bone,  in  the  calvariat, 
or  roof  of  the  skull. 

If  a  stone  arch  fall,  it  must  give  way 
in  two  places  at  the  same  time ;  the 
centre  cannot  sink  unless  that  part  of 
the  arch  which  springs  from  the  pier 
yields  :  and  in  all  arches,  from  the  im 
perfect  Roman  arch  to  that  built  upon 
modern  principles,  the  aim  of  the 
architect  is  to  give  security  to  this 
point. 

In  the  Roman  bridges  still  entire  the 
arch  rises  high,  with  little  inclination 
at  the  lower  part ;  and  in  bridges  of  a 
more  modern  date,  we  see  a  mass  of 
masonry  erected  on  the  pier,  sometimes 
assuming  the  form  of  ornament,  some¬ 
times  of  a  tower  or  gateway,  but  ob¬ 
viously  intended  at  the  same  time,  by 
the  perpendicular  load,  to  resist  the 
horizontal  pressure  of  the  arch.  If 
this  be  omitted  in  more  modern  build¬ 
ings,  it  is  supplied  by  a  finer  art, 
which  gives  security  to  the  masonry  of 
the  pier  (to  borrow  the  terms  of  anato¬ 
my),  by  its  internal  structure. 

In  what  is  termed  Gothic  Architec¬ 
ture,  we  see  a  flying  buttress,  spring¬ 
ing  from  the  outer  wall,  carried  over 
the  roof  of  the  aisle,  and  abutting 
against  the  wall  of  the  upper  part,  or 
clerestory.  From  the  upright  part 
of  this  masonry,  a  pinnacle  is  raised, 
which  at  first  appears  to  be  a  mere 
ornament,  but  which  is  necessary, 
by  its  perpendicular  weight,  to  coun¬ 
teract  the  horizontal  thrust  of  the 
arch. 


*  The  puncheons  are  the  upright  lateral  pieces, 
the  rafters  are  the  timbers  which  lie  obluiue,  au'J 
join  the  puncheons  at  A  A. 

f  From  the  Latin  calva  or  calvariatct  helmet. 
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By  all  this,  we  see  that  if  the  skull  is 
to  be  considered  as  an  arch,  and  the 
parietal  bones  as  forming  that  arch, 
they  must  be  secured  at  the  temporal 
and  sphenoid*  bones,  the  points  from 
which  they  spring.  And,  in  point  of 
fact,  where  is  it  that  the  skull  yields 
when  a  man  falls,  so  as  to  strike 
the  top  of  his  head  upon  the  ground  ? 
—in  the  temples.  And  yet  the  join¬ 
ings  are  so  secure,  that  the  extremi¬ 
ty  of  the  bone  does  not  start  from  its 
connexions.  It  must  be  fractured  be¬ 
fore  it  is  spurred  out,  and  in  that  case 
only  does  the  upper  part  of  the  arch 
yield. 

But  the  best  illustration  of  the  form 
of  the  head  is  the  dome. 

A  dome  is  a  vault  rising  from  a  cir¬ 
cular  or  elliptical  base ;  and  the  human 
skull  is,  in  fact,  an  elliptical  surmount¬ 
ed  dome,  which  latter  term  means  that 
the  dome  is  higher  than  the  radius  of 
its  base.  Taking  this  matter  histori¬ 
cally,  we  should  presume  that  the  dome 
was  the  most  difficult  piece  of  archi¬ 
tecture,  since  the  first  dome  erected 
appears  to  have  been  at  Rome,  in  the 
reign  of  Augustus — the  Pantheon,  which 


*  In  the  Greek,  sphenoid — in  the  Latin,  cuneiform 
— like  a  wedge,  because  it  is  wedged,  among  the 
other  bones  of  the  head;  but  these  processes,  called 
wedges,  are  more  like  dovetails,  which  enter  into 
the  irregularities  of  the  bones,  and  hold  them 
locked. 
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is  still  entire.  The  dome  of  St.  Sophia, 
in  Constantinople,  built  in  the  time  of 
the  Emperor  Justinian,  fell  three  times 
during  its  erection :  and  the  dome  of 
the  Cathedral  of  Florence  stood  un¬ 
finished  1 20  years  for  want  of  an  archi¬ 
tect.  Yet  we  may,  in  one  sense,  say 
that  every  builder  who  tried  it,  as  well 
as  every  labourer  employed,  had  the 
most  perfect  model  in  his  own  head. 
It  is  obvious  enough,  that  the  weight 
of  the  upper  part  of  the  dome  must 
disengage  the  stones  from  each  other 
which  form  the  lower  circle,  and  tend 
to  breakup  their  joinings,  and  conse¬ 
quently  to  press  or  thrust  outwards  the 
circular  wall  on  which  it  rests.  No 
walls  can  support  the  weight,  or  rather, 
the  lateral  thrust,  unless  each  stone  of 
the  dome  be  soldered  to  another,  or  the 
whole  hooped  together  and  girded.  T1  e 
dome  of  St.  Paul's  has  a  very  strong 
double  iron  chain,  linked  together,  at 
the  bottom  of  the  cone ;  and  several 
other  lesser  chains  between  that  and  the 
cupola,  which  may  be  Seen  in  the  sec  ¬ 
tion  of  St.  Paul's  engraved  by  Hooker. 

The  bones  of  the  head  are  securely 
bound  together,  so  that  the  anatomist 
finds,  when  everything  is  gone,  save  the 
bone  itself,  and  there  is  neither  muscle, 
ligament,  nor  membrane  of  any  kind, 
to  connect  the  bones,  they  are,  still, 
securely  joined,  and  it  requires  his  art 
to  burst  them  asunder ;  and  for  this 
pin-pose  he  must  employ  a  force  which 
shall  produce  a  uniform  pressure  from 
the  centre  outwards ;  and  all  the  sutures 
must  receive  the  pressure  at  one  time 
and  equally,  or  they  will  not  give  way. 
And  now  is  the  time  to  observe  another 
circumstance,  which  calls  for  our  ad¬ 
miration.  So  little  of  accident  is  there 
in  the  joining  of  the  bones,  that  the 
edge  of  a  bone  at  the  suture  lies  over 
the  adjoining  bone  at  one  part  and  un¬ 
der  it  at  another,  which,  with  the  dove¬ 
tailing  of  the  suture,  as  before  described, 
holds  each  bone  in  its  place  firmly  at¬ 
tached  ;  and  it  is  this  which  gives  secu¬ 
rity  to  the  dome  of  the  cranium. 

If  we  look  at  the  skull  in  front,  we 
may  consider  the  orbits  of  the  eye  as 
crypts  under  the  greater  building.  And 
these  under-arches  are  groined,  that  is 
to  say,  there  are  strong  arched  spines 
of  bone,  which  give  strength  sufficient 
to  permit  the  interstices  of  the  groinings, 
if  I  may  so  term  them,  to  be  very  thin. 
Betwixt  the  eye  and  the  brain,  the  bone 
is  as  thin  as  parchment;  but  if  the 
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anterior  part  of  the  skull  had  to  rest  on 
this,  the  foundation  would  be  insuf¬ 
ficient.  This  is  the  purpose  of  the  strong 
ridge  of  bone  which  runs  up  like  a  but¬ 
tress  from  the  temple  to  the  lateral  part 
of  the  frontal  bone,  whilst  the  arch 
forming  the  upper  part  of  the  orbit  is 
very  strong :  and  these  ridges  of  bone, 
when  the  skull  is  formed  with  what  we 
call  a  due  regard  to  security,  give  an 
extension  to  the  forehead*. 

In  concluding  this  survey  of  the  ar¬ 
chitecture  of  the  head,  let  us  suppose  it 
so  expanded  that  we  could  look  upon 
it  from  within.  In  looking  up  to  the 
vault,  we  should  at  once  perceive  the 
application  of  the  groin  in  masonry ; 
for  the  groin  is  that  projection  in  the 
vault  which  results  from  the  intersec¬ 
tion  of  two  arches  running  in  different 
directions.  One  rib  or  groin  extends 
from  the  centre  of  the  frontal  bone  to 
the  most  projecting  part  of  the  occipi¬ 
tal  foramen,  or  opening  on  the  back  of 
the  head ;  the  other  rib  crosses  it  from 
side  to  side  of  the  occipital  bone.  The 
point  of  intersection  of  these  two  groins 
is  the  thickest  and  strongest  part  of  the 
skull,  and  it  is  the  most  exposed,  since 
it  is  the  part  of  the  head  which  would 
strike  upon  the  ground  when  a  man  falls 
backwards. 

What  is  termed  the  base  of  the  skull 
is  strengthened,  if  we  may  so  express 
it,  on  the  same  principle :  it  is  like  a 
cylinder  groin,  where  the  rib  of  an  arch 
does  not  terminate  upon  a  buttress  or 
pilaster,  but  is  continued  round  in  the 
completion  of  the  circle.  The  base  of 
the  skull  is  irregular,  and  in  many 
places  thin  and  weak,  but  these  arched 
spines  or  ribs  give  it  strength  to  bear 
those  shocks  to  which  it  is  of  course 
liable  at  the  joining  of  the  skull  with 
the  spine. 


Chapter  II. 

Mechanism  of  the  Spine. 

The  brain-case  is  thus  a  perfect  whole, 
secure  on  all  sides,  and  strengthened 
where  the  exposure  to  injury  is  the  great¬ 
est.  We  shall  see,  in  the  column  which 


*  Although  they  are  solid  arches  connected  with 
the  building  of  the  craniutn,  and  bear  no  relation  to 
the  surfaces  of  the  brain,  the  early  craniologists 
would  have  persuaded  us  that  their  forms  corre¬ 
spond  with  the  surfaces  of  the  brain,  and  indicate 
particular  capacities  or  talents. 


sustains  it, equal  provision  for  the  security 
of  the  brain  ;  and,  what  is  most  admi¬ 
rable,  there  is  an  entirely  different  prin  ■ 
ciple  introduced  here;  for  whereas  in  the 
head,  the  whole  aim  is  firmness  in  the 
joinings  of  the  bones,  in  the  spine  which 
supports  the  head,  the  object  to  be  attain¬ 
ed  is  mobility  or  pliancy.  In  the  head, 
each  bone  is  firmly  secured  to  another ; 
in  the  spine  the  bones  are  not  permitted 
to  touch :  there  is  interposed  a  soft  and 
elastic  material,  which  takes  off  the  jar 
that  would  result  from  the  contact  of 
the  bones.  We  shall  consider  this  sub¬ 
ject  a  little  more  in  detail. 

The  spinal  column,  as  it  is  called, 
serves  three  purposes :  it  is  the  great 
bond  of  union  betwixt  all  the  parts  of 
the  skeleton ;  it  forms  a  tube  for  the 
lodgment  of  the  spinal  marrow,  a  part 
of  the  nervous  system  as  important  to 
life  as  the  brain  itself ;  and  lastly, 
it  is  a  column  to  sustain  the  head. 

We  now  see  the  importance  of  the 
spine,  and  we  shall  next  explain  how 
the  various  offices  are  provided  for. 

If  the  protection  of  the  spinal  marrow 
had  been  the  only  object  of  this  struc¬ 
ture,  it  is  natural  to  infer  that  it  would 
have  been  a  strong  and  unyielding  tube 
of  bone ;  but,  as  it  must  yield  to  the 
inflexions  of  the  body,  it  cannot  be  con¬ 
stituted  in  so  strict  an  analogy  with  the 
skull.  It  must,  therefore,  bend  ;  but  it 
must  have  no  abrupt  or  considerable 
bending  at  one  part ;  for  the  spinal 
marrow  within  would  in  this  way 
suffer. 

By  this  consideration  we  perceive 
why  there  are  twenty-four  bones  in  the 
spine,  each  bending  a  little  ;  each  arti¬ 
culated  or  making  a  joint  with  its  fel¬ 
low;  all  yielding  in  a  slight  degree,  and, 
consequently,  permitting  in  the  whole 
spine  that  flexibilitynecessary  to  the  mo¬ 
tions  of  the  body.  It  is  next  to  be  ob¬ 
served  that,  whilst  the  spine  by  this  pro  - 
vision  moves  in  every  direction,  it  gains 
a  property  which  it  belongs  more  to  our 
present  purpose  to  understand.  The 
bones  of  the  spine  are  called  vertebrae  ; 
at  each  interstice  between  these  bones, 
there  is  a  peculiar  gristly  substance, 
which  is  squeezed  out  from  betwixt  the 
bones,  and,  therefore,  permits  them  to 
approach  and  play  a  little  in  the  mo¬ 
tions  of  the  body.  This  gristly  substance 
is  inclosed  in  an  elastic  binding,  or 
membrane  of  great  strength,  which 
passes  from  the  edge  or  border  of  one 
vertebra,  to  the  border  of  the  one  next 
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it.  When  a  weight  is  upon  the  body,  the 
soft  gristle  is  pressed  out,  and  the 
membrane  yields  :  the  moment  the 
weight  is  removed,  the  membranes  re¬ 
coil  by  their  elasticity,  the  gristle  is 
pressed  into  its  place,  and  the  bones 
resume  their  position. 

We  can  readily  understand  how  great 
the  influence  of  these  twenty-four  join¬ 
ings  must  be  in  giving  elasticity  to  the 
whole  column ;  and  how  much  this 
must  tend  to  the  protection  of  the 
brain.  Were  it  not  for  this  interpo¬ 
sition  of  elastic  material,  every  motion 
of  the  body  would  produce  ajar  to  the 
delicate  texture  of  the  brain,  and  we 
should  suffer  almost  as  much  in  alight¬ 
ing  on  our  feet,  as  in  falling  on  our  head. 
It  is,  as  we  have  already  remarked, 
necessary  to  interpose  thin  plates  of 
lead  or  slate  between  the  different  pieces 
of  a  column  to  prevent  the  edges  (tech¬ 
nically  called  arrises)  of  the  cylinders 
from  coming  in  contact,  as  they  would, 
in  that  case,  chip  or  split  off. 

But  there  is  another  very  curious 
provision  for  the  protection  of  the 
brain  :  we  mean  the  curved  form  of  the 
spine.  If  a  steel  spring,  perfectly 
straight,  be  pressed  betwixt  the  hands 
from  its  extremities,  it  will  resist,  not¬ 
withstanding  its  elasticity,  and  when  it 
does  give  way,  it  will  be  with  a  jerk. 

Such  would  be  the  effect  on  the  spine 
if  it  stood  upright,  one  bone  perpendi¬ 
cular  to  another  ;  for  then  the  weight 
W'ould  bear  equally ;  the  spine  would 
yield  neither  to  one  side  nor  to  the 
other ;  and,  consequently,  there  would 
be  a  resistance  from  the  pressure  on  all 
sides  being  balanced.  We,  therefore, 
see  the  great  advantage  resulting  from 
the  human  spine  being  in  the  form  of  an 
italic  f.  It  is  prepared  to  yield  in  the  di¬ 
rection  of  its  curves ;  the  pressure  is  of 
necessity  more  upon  one  side  of  the 
column  than  on  the  other ;  and  its  elas¬ 
ticity  is  immediately  in  operation  with¬ 
out  a  jerk.  It  yields,  recoils,  and  so 
forms  the  most  perfect  spring ;  admira¬ 
bly  calculated  to  carry  the  head  without 
jar,  or  injury  of  any  kind. 

The  most  unhappy  illustration  of  all 
this  is  the  condition  of  old  age.  The 
tables  of  the  skull  are  then  consolidated, 
and  the  spine  is  rigid :  if  an  old  man 
should  fall  with  his  head  upon  the 
carpet,  the  blow,  which  would  be  of  no 
consequence  to  the  elastic  frame  of  a 
child,  may  to  him  prove  fatal ;  and  the 
rigidity  of  the  spine  makes  every  step 
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which  he  takes  vibrate  to  the  interior  of 
the  head,  and  jar  on  the  brain. 

We  have  hinted  at  a  comparison  be¬ 
twixt  the  attachment  of  the  spine  to  the 
pelvis  and  the  insertion  of  the  mast  of  a 
ship  into  the  hull.  The  mast  goes  di¬ 
rectly  through  the  decks  without  touch¬ 
ing  them,  and  the  heel  of  the  mast  goes 
into  the  step,  which  is  formed  of  large 
solid  pieces  of  oak  timber'  laid  across 
the  keelson.  The  keelson  is  an  inner 
keel  resting  upon  the  floor-timbers  of 
the  ship  and  directly  over  the  proper 
keel.  These  are  contrivances  for  en¬ 
larging  the  base  on  which  the  mast 
rests  as  a  column :  for  as,  in  proportion 
to  the  height  and  weight  of  a  column, 
its  base  must  be  enlarged,  or  it  would 
sink  into  the  earth ;  so,  if  the  mast  were 
to  bear  upon  a  point,  it  would  break 
through  the  bottom  of  the  ship. 

The  mast  is  supported  upright  by  the 
shrouds  and  stays.  The  shrouds  secure 
it  against  the  lateral  or  rolling  motion, 
and  the  stays  and  backstays  against  the 
pitching  of  the  ship.  These  form  what 
is  termed  the  standing  rigging.  The 
mast  does  not  bear  upon  the  deck  or 
on  the  beams  of  the  ship;  indeed  there 
is  a  space  covered  with  canvas  betwixt 
the  deck  and  the  mast. 

We  often  hear  of  a  new  ship  going 
to  sea  to  stretch  her  rigging;  that  is,  to 
permit  the  shrouds  and  stays  to  be 
stretched  by  the  motion  of  the  ship, 
after  which  they  are  again  braced  tight: 
for  if  she  were  overtaken  by  a  storm 
before  this  operation,  and  when  the 
stays  and  shrouds  w'ere  relaxed,  the 
mast  would  lean  against  the  upper  deck, 
by  which  it  would  be  sprung  or  carried 
away.  Indeed,  the  greater  proportion 
of  masts  that  are  lost  are  lost  in  this 
manner.  There  are  no  boats  which  keep 
the  sea  in  such  storms  as  those  which 
navigate  the  gulf  of  Finland.  Their 
masts  are  not  attached  at  all  to  the  hull 
of  the  ship,  but  simply  rest  upon  the 
step. 

Although  the  spine  has  not  a  strict 
resemblance  to  the  mast,  the  con¬ 
trivances  of  the  ship-builder,  however 
different  from  (he  provisions  of  nature, 
show  what  object  is  to  be  attained  ; 
and  when  we  are  thus  made  aware  of 
w'hat  is  necessary  to  the  security  of  a 
column  on  a  moveable  base,  we  are 
prepared  to  appreciate  the  superior 
provisions  of  nature  for  giving  security 
to  the  human  spine. 

The  human  spine  rests  on  what  is 
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called  the  pelvis,  or  basin  ; — a  circle  of 
bones,  of  which  the  haunches  are  the 
extreme  lateral  parts  ;  and  the  sacrum 
(which  is  as  the  keystone  of  the  arch) 
may  be  felt  at  the  lower  part  of  the 
back.  To  this  central  bone  of  the  arch 
of  the  pelvis  the  spine  is  connected ; 
and,  taking  the  similitude  of  the  mast, 
the  sacrum  is  as  the  step  on  which  the 
base  of  the  pillar,  like  the  heel  of  the 
mast,  is  socketed  or  morticed.  The 
spine  is  tied  to  the  lateral  parts  of  the 
pelvis  by  powerful  ligaments,  which 
may  be  compared  to  the  shrouds.  They 
secure  the  lower  part  of  the  spine 
against  the  shock  of  lateral  motion  or 
rolling;  but,  instead  of  the  stays  to 
limit  the  play  of  the  spine  forwards  and 
backwards  in  pitching,  or  to  adjust  the 
rake  of  the  mast,  there  is  a  very  beau¬ 
tiful  contrivance  in  the  lower  part  of 
the  column. 

The  spine  forms  here  a  semicircle 
which  has  this  effect ;  that,  whether  by 
the  exertion  of  the  lower  extremities, 
the  spine  is  to  be  carried  forward  upon 
the  pelvis,  or  whether  the  body  stops 
suddenly  in  running,  the  jar  which  would 
necessarily  take  place  at  the  lower  part 
of  the  spine  A,  if  it  stood  upright  like 
a  mast,  is  distributed  over  several  of  the 
bones  of  the  spine,  1,  2,  3,  4,  and, 
therefore,  the  chance  of  injury  at  any 
particular  part  is  diminished. 


Fig.  6. 


For  example,  the  sacrum,  or  centre 
bone  of  the  pelvis,  being  carried  for- 
waid,  as  when  one  is  about  to  run,  the 


force  is  communicated  to  the  lowest 
bone  of  the  spine.  But,  then,  the  sur¬ 
faces  of  these  bones  stand  with  a  very 
slight  degree  of  obliquity  to  the  line  of 
motion  ;  the  shock  communicated  from 
the  lower  to  the  second  bone  of  the 
vertebra;  is  still  in  a  direction  very  nearly 
perpendicular  to  its  surface  of  contact. 
The  same  takes  place  in  the  commu¬ 
nication  of  force  from  the  second  to  the 
third,  and  from  the  third  to  the  fourth  ; 
so  that  before  the  shock  of  the  horizontal 
motion  acts  upon  the  perpendicular 
spine,  it  is  distributed  over  four  bones 
of  that  column,  instead  of  the  whole 
force  being  concentrated  upon  the  join¬ 
ing  of  any  two,  as  at  A. 

If  the  column  stood  upright,  as  indi¬ 
cated  at  C  D,  it  would  be  jarred  at  the 
lowest  point  of  contact  with  its  base. 
But  by  forming  a  semicircle  A  B,  the 
motion  which  in  the  direction  E  F, 
would  produce  a  jar  on  the  very  lowest 
part  of  the  column,  is  distributed  over 
a  considerable  portion  of  the  column 
A  B  ;  and  in  point  of  fact,  this  part 
of  the  spine  never  gives  way.  Indeed, 
we  should  be  inclined  to  offer  this  mode 
to  the  consideration  of  nautical  men, 
as  fruitful  in  hints  for  improving  naval 
architecture. 

Every  one  who  has  seen  a  ship  pitch¬ 
ing  in  a  heavy  sea,  must  have  asked 
himself  why  the  masts  are  not  upright, 
or  rather,  why  the  foremast  stands 
upright,  whilst  the  main  and  mizen 
masts  stand  oblique  to  the  deck,  or,  as 
the  phrase  is,  rake  aft  or  towards  the 
stern  of  the  ship. 

The  main  and  mizen  masts  incline 
backwards,  because  the  strain  is  great¬ 
est  in  the  forward  pitch  of  the  vessel ; 
for  the  mast  having  received  an  impulse 
forwards,  it  is  suddenly  checked  as  the 
head  of  the  ship  rises ;  but  the  mast 
being  set  with  an  inclination  backwards, 
the  motion  falls  more  in  the  perpendi¬ 
cular  line  from  the  head  to  the  heel. 
This  advantage  is  lost  in  the  upright 
position  of  the  foremast,  but  it  is  sacri¬ 
ficed  to  a  superior  advantage  gained  in 
working  the  ship ;  the  sails  upon  this 
mast  act  more  powerfully  in  swaying  the 
vessel  round,  and  the  perpendicular 
position  causes  the  ship  to  tack  or  stay 
better ;  but  the  perpendicular  position, 
as  we  have  seen,  causes  the  strain  in 
pitching  to  come  at  right  angles  to  the 
mast,  and  is,  therefore,  more  apt  to 
spring  it. 

These  considerations  give  an  interest 
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to  the  fact,  that  the  human  spine,  from 
its  utmost  convexity  near  its  base,  in¬ 
clines  backwards. 


Chapter  III. 

Of  the  Chest. 

In  extending  the  parallel  which  we  pro¬ 
posed  between  the  structure  of  the  body 
and  the  works  of  human  art,  it  signifies 
very  little  to  what  part  we  turn ;  for  the 
happy  adaptation  of  means  to  the  end 
will  everywhere  challenge  our  admira¬ 
tion,  in  exact  proportion  to  our  success 
in  comprehending  the  provisions  which 
Supreme  Wisdom  has  made.  We  turn 
now  to  a  short  view  of  the  bones  of  the 
chest. 

The  thorax,  or  chest,  is  composed  of 
bones  and  cartilages,  so  disposed  as  to 
sustain  and  protect  the  most  vital  parts, 
the  heart  and  lungs,  and  to  turn  and 
twist  with  perfect  facility  in  every  motion 
of  the  body ;  and  to  be  in  incessant 
motion  in  the  act  of  respiration,  without 
a  moment’s  interval  during  a  whole  life 
In  anatomical  description,  the  thorax 
is  formed  of  the  vertebral  column,  or 
spine,  on  the  back  part,  the  ribs  on 
either  side,  and  the  breastbone,  or  ster¬ 
num,  on  the  fore  part.  But  the  thing 
most  to  be  admired  is  the  manner  in 
which  these  bones  are  united,  and  es¬ 
pecially  the  manner  in  which  the  ribs 
are  joined  to  the  breastbone,  by  the  in¬ 
terposition  of  cartilages,  or  gristle,  of  a 
substance  softer  than  bone,  and  more 
elastic  and  yielding.  By  this  quality 
they  are  fitted  for  protecting  the  chest 
against  the  effects  of  violence,  and  even 
for  sustaining  life  after  the  muscular 
power  of  respiration  has  become  too 
feeble  to  continue  without  this  sup¬ 
port. 

If  the  ribs  were  complete  circles, 
formed  of  bone,  and  extending  from 
the  spine  to  the  breastbone,  life  would 
be  endangered  by  any  accidental  frac¬ 
ture  ;  and  even  the  rubs  and  jolts  to 
which  the  human  frame  is  continually 
exposed,  would  be  too  much  for  their 
delicate  and  brittle  texture.  But  these 
evils  are  avoided  by  the  interposition  of 
the  elastic  cartilage.  On  their  forepart 
the  ribs  are  eked  out,  and  joined  to  the 
breastbone  by  means  of  cartilages,  of  a 
form  corresponding  to  that  of  the  ribs, 
being,  as  it  were,  a  completion  of  the 
arch  of  the  rib,  by  a  substance  more 
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adapted  to  yield  in  every  shock  or  mo¬ 
tion  of  the  body.  The  elasticity  of  this 
portion  subdues  those  shocks  which 
would  occasion  the  breaking  of  the  ribs. 
We  lean  forward,  or  to  one  side,  and 
the  ribs  accommodate  themselves,  not 
by  a  change  of  form  in  the  bones,  but 
by  the  bending  or  elasticity  of  the  car¬ 
tilages.  A  severe  blow  upon  the  ribs 
does  not  break  them,  because  their  ex¬ 
tremities  recoil  and  yield  to  the  violence. 
It  is  only  in  youth,  however,  when  the 
human  frame  is  in  perfection,  that  this 
pliancy  and  elasticity  have  full  effect. 
When  old  age  approaches,  the  carti¬ 
lages  of  the  ribs  become  bony.  They 
attach  themselves  firmly  to  the  breast¬ 
bone,  and  the  extremities  of  the  ribs  are 
fixed,  as  if  the  whole  arch  were  formed 
of  bone  unyielding  and  inelastic.  Then 
every  violent  blow  upon  the  side  is  at¬ 
tended  with  fracture  of  the  rib,  an  ac¬ 
cident  seldom  occurring  in  childhood, 
or  in  youth. 

But  there  is  a  purpose  still  more  im¬ 
portant  to  be  accomplished  by  means  of 
the  elastic  structure  of  the  ribs,  as  partly 
formed  of  cartilage.  This  is  in  the 
action  of  breathing,  or  respiration  ;  es¬ 
pecially  in  the  more  highly-raised  respi¬ 
ration  which  is  necessary  in  great  exer¬ 
tions  of  bodily  strength,  and  in  violent 
exercise.  There  are  two  acts  of  breath¬ 
ing—  expiration,  or  the  sending  forth 
of  the  breath  ;  and  inspiration,  or  the 
drawing  in  of  the  breath.  When  the 
chest  is  at  rest,  it  is  neither  in  the  state 
of  expiration  nor  in  that  of  inspiration ; 
it  is  in  an  intermediate  condition  be¬ 
tween  these  two  acts.  And  the  mus¬ 
cular  effort  by  which  either  inspiration 
or  expiration  is  produced,  is  an  act  in 
opposition  to  the  elastic  property  of  the 
ribs.  The  property  of  the  ribs  is  to 
preserve  the  breast  in  the  intermediate 
state  between  expiration  and  inspira¬ 
tion.  The  muscles  of  respiration  are 
excited  alternately,  to  dilate  or  to  con¬ 
tract  the  cavity  of  the  chest,  and,  in 
doing  so,  to  raise  or  to  depress  the  ribs. 
Hence  it  is,  that  both  in  inspiration  and 
in  expiration  the  elasticity  of  the  ribs 
is  called  into  play  ;  and,  were  it  within 
our  province,  it  would  be  easy  to  show, 
that  the  dead  power  of  the  cartilages  of 
the  ribs  preserve  life  by  respiration,  after 
the  vital  muscular  power  would,  with¬ 
out  such  assistance,  be  too  weak  to 
continue  life. 

It  will  at  once  be  understood,  from 
what  has  now  been  explained,  how,  in 
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age,  violent  exercise  or  exertion  is  under 
restraint,  in  so  far  as  it  depends  on  respi¬ 
ration.  The  elasticity  of  the  cartilages  is 
gone,  the  circle  of  the  ribs  is  now  un¬ 
yielding,  and  will  not  allow  that  high 
breathing,  that  sudden  and  great  dila¬ 
ting  and  contracting  of  the  cavity  of  the 
chest,  which  is  required  for  circulating 
the  blood  through  the  lungs,  and  re¬ 
lieving  the  heart  amidst  the  more  tu¬ 
multuous  flowing  of  the  blood  which 
exercise  and  exertion  produce. 


Chapter  IV. 

Design  shown  in  the  Structure  of  the 
Bones  and  Joints  of  the  Extremities. 

That  the  bones,  which  form  the  interior 
of  animal  bodies,  should  have  the  most 
perfect  shape,  combining  strength  and 
lightness,  ought  not  to  surprize  us,  when 
we  find  this  in  the  lowest  vegetable  pro¬ 
duction. 

In  the  sixteenth  century,  an  unfortu¬ 
nate  man  who  taught  medicine,  philo¬ 
sophy,  and  theology,  was  accused  of 
atheistical  opinions,  and  condemned  to 
have  his  tongue  cut  out,  and  to  suffer 
death.  When  brought  from  his  cell 
before  the  inquisition,  he  was  asked  if 
he  believed  in  God.  Picking  up  a  straw 
which  had  stuck  to  his  garments,  “  If," 
said  he,“  there  was  nothing  else  in  nature 
to  teach  me  the  existence  of  a  Deity, 
even  this  straw  would  be  sufficient !” 

A  reed,  or  a  quill,  or  a  bone,  may 
be  taken  to  prove  that  in  Nature's 
works  strength  is  given  with  the  least 
possible  expense  of  materials.  The  long 
bones  of  animals  are,  for  the  most  part, 
hollow  cylinders,  filled  up  with  the 
lightest  substance,  marrow;  and  in 
birds  the  object  is  attained  by  means  (if 
ive  may  be  permitted  to  say  so)  still 
more  artificial.  Every  one  must  have 
observed,  that  the  breast-bone  of  a  fowl 
extends  along  the  whole  body,  and  that 
the  body  is  very  large  compared  with 
the  weight :  this  is  for  the  purpose  of 
rendering  the  creature  specifically 
lighter  and  more  buoyant  in  the  air  ; 
and  that  it  may  have  a  surface  for  the 
attachment  of  muscles,  equal  to  the 
exertion  of  raising  it  on  the  wing. 
This  combination  of  lightness  with  in¬ 
crease  of  volume,  is  gained  by  air-cells 
extending  through  the  body,  and  com¬ 
municating  by  tubes  between  the  lungs 
and  cavities  of  the  bones.  By  these 


means,  the  bones,  although  large  and 
strong  to  withstand  the  operation  of 
powerful  muscles  upon  them,  are  much 
lighter  than  those  of  quadrupeds.' 

The  long  bones  of  the  human  body, 
being  hollow  tubes,  are  called  cylindri¬ 
cal,  though  they  are  not  accurately  so, 
the  reason  of  which  we  shall  presently 
explain;  and  we  shall,  at  the  same  time, 
show  that  their  irregularities  are  not 
accidental,  as  some  have  imagined. 
But  let  us  first  demonstrate  the  advan¬ 
tage  which,  in  the  structure  of  the 
bones,  is  derived  from  the  cylindrical 
form,  or  a  form  approaching  to  that 
of  the  cylinder.  If  a  piece  of  timber 
supported  on  two  points,  thus — 


Fig-  L 


bear  a  weight  upon  it,  it  sustains  this 
weight  by  different  qualities  in  its  dif¬ 
ferent  parts.  For  example,  divide  it 
into  three  equal  parts  (A,B,C,):  the  up¬ 
per  part  A  supports  the  weight  by  its 
solidity  and  resistance  to  compression  ; 
the  lowest  part  B,  on  the  other  hand, 
resists  by  its  toughness,  or  adhesive 
quality.  Betwixt  the  portions  acting  in 
so  different  a  manner  there  is  an  inter¬ 
mediate  neutral,  or  central  part  C,  that 
may  be  taken  away  without  materially 
weakening  the  beam,  which  shows 
that  a  hollow  cylinder  •  is  the  form  of 
strength.  The  Writer  lately  observed  a 
good  demonstration  of  this  : — a  large 
tree  was  blown  down,  and  lay  upon  the 
ground ;  to  the  windward,  the  broken 
part  gaped ;  it  had  been  torn  asunder 
like  the  snapping  of  a  rope :  to  the  lee¬ 
ward  side  of  the  tree,  the  fibres  of  the 
stem  were  crushed  into  one  another  and 
splintered;  whilst  the  central  part  re¬ 
mained  entire.  This,  we  presume,  must 
be  always  the  case,  more  or  less  ;  and 
here  we  take  the  opportunity  of  noticing 
why  the  arch  is  the  form  of  strength. 
If  this  transverse  piece  of  timber  were 
in  the  form  of  an  arch,  and  sup¬ 
ported  at  the  extremities,  then  its  whole 
thickness,  its  centre,  as  well  as  the  upper 
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and  lower  parts,  would  support  weight 
by  resisting  compression.  But  the  de¬ 
monstration  may  be  carried  much  far¬ 
ther  to  show  the  form  of  strength  in 
the  bone.  If  the  part  of  the  cylinder 
which  bears  the  pressure  be  made  more 
dense,  the  power  of  resistance  will  be 
much  increased ;  whereas,  if  a  liga¬ 
mentous  covering  be  added  on  the  other 
side,  it  will  strengthen  the  part  which 
resists  extension :  and  w?  observe  a  pro¬ 
vision- of  this  kind  in  the  tough  liga¬ 
ments  which  run  along  the  vertebrae  of 
the  back. 

When  we  see  the  bone  cut  across,  we 
are  forced  to  acknowledge  that  it  is 
formed  on  the  principle  of  the  cylinder ; 
that  is,  that  the  material  is  removed 
from  the  centre,  and  accumulated  on 
the  circumference,  thus — 


Fig.  8. 


We  find  a  spine,  or  ridge  running  along 
the  bone,  which,  when  divided  by  the 
saw  in  a  transverse  direction,  exhibits 
an  irregularity,  as  at  A. 

The  section  of  this  spine  shows  a  sur¬ 
face  as  dense  as  ivory,  which  is,  there¬ 
fore,  much  more  capable  of  resisting 
compression  than  the  other  part  of  the 
cylinder,  which  is  common  bone.  This 
declares  what  the  spine  is,  and  the  ana¬ 
tomists  must  be  wrong  who  imagine 
that  the  bone  is  moulded  by  the  action 
of  the  muscle,  and  that  the  spine  is  a 
mere  ridge,  arising  by  accident  among 
the  muscles.  It  is,  on  the  contrary,  a 
strengthening  of  the  bone  in  the  direc¬ 
tion  on  which  the  weight  bears.  If  we 
resume  the  experiment  with  the  piece 
of  timber,  we  shall  learn  why  the  spine 
is  harder  than  the  rest  of  the  bone.  If 
a  portion  of  the  upper  part  of  the  tim¬ 
ber  be  cut  away,  and  a  harder  wood  in¬ 
serted  in  its  place,  the  beam  will  ac¬ 
quire  a  new  power  of  resisting  frac¬ 
ture,  because,  as  we  have  slated, 
this  part  of  the  wood  does  not  yield 
but  by  being  crushed,  and  the  in¬ 


sertion  of  the  harder  portion  of  wood 
increases  this  property  of  resistance. 
With  this  fact  before  us  we  may  return 
to  the  examination  of  the  spine  of  bone. 
We  see  that  it  is  calculated  to  resist 
pressure,  first,  because  it  is  farther  re¬ 
moved  from  the  centre  of  the  cylinder  ; 
and,  secondly,  because  it  is  denser,  to 
resist  compression,  than  the  other  part 
of  the  circumference  of  the  bone*. 

This  explanation  of  the  use  of  a  spine 
upon  a  bone  gives  a  new  interest  to 
osteology!-.  The  anatomist  ought  to 
deduce  from  the  form  of  the  spine  the 
motions  of  the  limb ;  the  forces  bearing 
upon  the  bone,  and  the  nature  and  the 
common  place  of  fracture :  while,  to 
the  general  enquirer  an  agreeable  pro¬ 
cess  of  reasoning  is  introduced  in  that 
department,  which  is  altogether  without 
interest  when  the  “  irregularities"  of 
the  bone  are  spoken  of,  as  if  they  were 
the  accidental  consequences  of  the  pres¬ 
sure  of  the  flesh  upon  it. 

Although  heating  of  the  purely  me- 
c’nanicle  principle,  it  is,  perhaps,  not 
far  removed  from  our  proper  object  to 
remark,  that  a  person  of  feeble  texture 
and  indolent  habits  has  the  bone  smooth, 
thin,  and  light ;  but  that  Nature,  solici¬ 
tous  for  our  safety,  in  a  manner  which  we 
could  not  anticipate,  combines  with  the 
powerful  muscular  frame  a  dense  and 
perfect  texture  of  bone,  where  eveiy 
spine  and  tubercle  is  completely  de¬ 
veloped.  And  thus  the  inert  and  me¬ 
chanical  provisions  of  the  bone  always 
bear  relation  to  the  muscular  power  of 
the  limb,  and  exercise  is  as  necessary 
to  the  perfect  constitution  of  a  bone  as 
it  is  to  the  perfection  of  the  muscular 
power.  Jockies  speak  correctly  enough, 
when  they  use  the  term  “  blood  and 


*  As  the  line  A  B  extends  farther  from  the  centre 
than  B  C,  on  the  principle  of  a  lever,  the  resistance 
to  transverse  fracture  will  be  greater  in  the  direction 
A  B  than  B  C. 

+  Osteology  y  from  the  Greek  words,  signifying  dis¬ 
course  on  bone,  being  the  demonstration  of  the  forma 
and  connexion  of  the  different  bones. 
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bone,"  as  distinguishing  the  breed  or 
genealogy  of  horses ;  for  blood  is  an 
allowable  term  for  the  race,  and  bone 
is  so  far  significant,  that  the  bone  of  a 
running  horse  is  remarkably  compact 
compared  with  the  bone  of  a  draught 
horse.  The  reader  can  easily  under¬ 
stand,  that  the  span  in  the  gallop  must 
give  a  shock  in  proportion  to  its  length  ; 
and,  as  in  man,  so  in  the  horse,  the 
greater  the  muscular  power  the  denser 
and  stronger  is  the  bone. 

The  bone  not  being  as  a  mere  pillar, 
intended  to  bear  a  perpendicular  weight, 
we  ought  not  to  expect  uniformity  in  its 
shape.  Each  bone,  according  to  its 
place,  bears  up  against  the  varying 
forces  that  are  applied  to  it.  Consider 
two  men  wrestling  together,  and  then 
think  how  various  the  property  of  re¬ 
sistances  must  be  :  here  they  are  pull¬ 
ing,  and  the  bones  are  like  ropes  ;  or 
again,  they  are  writhing  and  twisting, 
and  the  bones  bear  a  force  like  the 
axle-tree  between  two  wheels  ;  or  they 
are  like  a  pillar  under  a  great  weight ; 
or  they  are  acting  as  a  lever. 

To  withstand  these  different  shocks, 
a  bone  consists  of  three  parts,  the  earth 
of  bone  (sub-phosphate  of  lime) ;  fibres 
to  give  it  toughness  ;  and  cartilage  to 
give  it  elasticity.  These  ingredients 
are  not  uniformly  mixed  up  in  all 
bones  ;  but  some  bones  are  hard,  from 
the  prevalence  of  the  earth  of  bone ; 
some  more  fibrous,  to  resist  a  pull  upon 
them  ;  and  some  more  elastic,  to  resist 
the  shocks  in  walking,  leaping,  &e. 
But  to  return  to  the  forms  : — Whilst  the 
centre  of  the  long  bones  is,  as  we  have 
stated,  cylindrical,  their  extremities  are 
expanded,  and  assume  various  shapes. 
The  expansion  of  the  head  of  the  bone 
is  to  give  a  greater,  and  consequently 
a  more  secure  surface  for  the  joint,  and 
its  form  regulates  the  direction  in  which 
the  joint  is  to  move.  A  jockey,  putting 
his  hand  on  the  knee  of  a  colt,  and 
finding  it  broad  and  flat,  augurs  the 
perfection  of  the  full-grown  horse.  To 
admit  of  this  enlargement  and  differ¬ 
ence  of  form,  a  change  in  the  internal 
structure  of  the  bone  is  necessary,  and 
the  hollow  of  the  tube  is  filled  up  with 
cancelli,  or  lattice-work.  These  cancelli 
of  the  bone  are  minute  and  delicate- 
like  wires,  which  form  lattice-work,  ex¬ 
tending  in  all  directions  through  the 
interior  of  the  bone,  and  which,  were 
it  elastic,  would  be  like  a  sponge. — 
Tliis  more  uniform  texture  of  the 


bone  permits  the  outer  shell  to  be  very 
thin,  so  that  whilst  the  centre  of  the 
long  bones  are  cylinders,  their  extremi¬ 
ties  are  of  a  uniform  cancellated  struc¬ 
ture.  But  it  is  pertinent  to  our  purpose 
to  notice,  that  this  minute  lattice-work, 
or  the  cancelli  which  constitute  the 
interior  structure  of  bone,  have  still 
reference  to  the  forces  acting  on  the 
bone  ;  if  any  one  doubts  this,  let  him 
malce  a  section  of  the  upper  and  lower 
end  of  the  thigh-bone,  and  let  him  in¬ 
quire  what  is  the  meaning  of  the  dif 
ference  in  the  lie  of  these  minute  bony 
fibres,  in  the  two  extremities?  He 
will  find  that  the  head  of  the  thigh  bone 
stands  obliquely  off  from  the  shaft,  and 
that  the  whole  weight  bears  on  what  is 
termed  the  inner  trochanter ;  and  to 
that  point,  as  to  a  buttress,  all  these 
delicate  fibres  converge,  or  point  from 
the  head  and  neck  of  the  bone,  which 
may  be  rudely  represented  in  this 
way. 


Fig.  10. 


The  head  of  the  thigh-hone,  to  show  the  direction  of 

the  cancelli,  converging  to  the  line  of  gravity. 

We  may  here  notice  an  opinion  that 
has  been  entertained,  in  regard  to  the 
size  of  animals.  It  is  believed  that  the 
material  of  bone  is  not  capable  of  sup¬ 
porting  a  creature  larger  than  the  ele¬ 
phant,  or  the  mastodon,  which  is  the 
name  of  an  extinct  animal  of  great  size, 
the  osseous  remains  of  which  are  still 
found.  This  opinion  is  countenanced 
by  observing  that  their  bones  are  very 
clumsy,  that  their  spines  are  of  great 
thickness,  and  that  their  hollow  cy¬ 
linders  are  almost  filled  up  with 
bone. 

It  may  be  illustrated  in  this  manner; — 
A  soft  stone  projecting  from  a  wall  may 
make  a  stile,  strong  enough  to  bear  a 
person’s  weight ;  but  if  it  were  neces- 
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sary  to  double  its  length,  the  thickness 
must  he  more  than  doubled,  or  a  free¬ 
stone  substituted ;  and  were  it  neces¬ 
sary  to  make  this  freestone  project  twice 
as  far  from  the  wall,  even  if  doubled  in 
thickness,  it  would  not  be  strong  enough 
to  bear  a  proportioned  increase  of 
weight :  granite  must  be  placed  in  its 
stead ;  and  even  the  granite  would  not 
be  capable  of  sustaining  four  times  the 
weight  which  the  soft  stone  bore  in  the 
first  instance.  In  the  same  way  the 
stones  which  form  an  arch  of  a  large 
span  must  be  of  the  hardest  granite,  or 
their  own  weight  would  crush  them. 
The  same  principle  is  applicable  to  the 
bones  of  animals.  The  material  of 
bone  is  too  soft  to  admit  an  indefinite 
increase  of  weight ;  and  it  is  another 
illustration  of  what  was  before  stated, 
that  there  is  a  relation  established 
through  all  nature,  and  that  the  very 
animals  which  move  upon  the  surface 
of  the  earth  are  proportioned  to  its 
magnitude,  and  the  gravitation  to  its 
centre.  Archdeacon  Paley  has  with  great 
propriety  taken  the  instance  of  the  form 
of  the  ends  of  bones,  as  proving  design 
in  the  mechanism  of  a  joint.  But  there 
is  something  so  highly  interesting  in  the 
conformation  of  the  whole  skeleton  of  an 
animal,  and  the  adaptation  of  any  one 
part  to  all  the  other  parts,  that  we  must 
not  let  our  readers  remain  ignorant  of 
the  facts,  or  of  the  important  conclu¬ 
sions  drawn  from  them. 

What  we  have  to  state  has  been  the 
result  of  the  studies  of  many  naturalists ; 
but  although  they  have  laboured,  as  it 
were,  in  their  own  department  of  com¬ 
parative  anatomy,  they  have  failed  to 
seize  upon  it  with  the  privilege  of  genius, 
and  to  handle  it  in  the  masterly  man¬ 
ner  of  Cuvier. 

Suppose  a  man  ignorant  of  anatomy 
to  pick  up  a  bone  in  an  unexplored 
country,  he  learns  nothing,  except  that 
some  animal  has  lived  and  died  there ; 
but  the  anatomist  can,  by  that  single 
bone,  estimate,  not  merely  the  size  of 
the  animal,  as  well  as  if  he  saw  the 
print  of  its  foot,  but  the  form  and  joints 
of  the  skeleton,  the  structure  of  its 
jaws  and  teeth,  the  nature  of  its  food, 
and  its  internal  economy.  This,  to  one 
ignorant  of  the  subject,  must  appear 
wonderful,  but  it  is  after  this  manner  that 
the  anatomist  proceeds :  let  us  suppose 
that  he  has  taken  up  that  portion  of 
bone  in  the  limb  of  the  quadruped 
which  corresponds  to  the  human  wrist ; 


and  that  he  finds  that  the  form  of  the 
bone  does  not  admit  of  free  motion  in 
various  directions,  like  the  paw  of  the 
carnivorous  creature.  It  is  obvious,  by 
the  structure  of  the  part,  that  the  limb 
must  have  been  merely  for  supporting 
the  animal,  and  for  progression,  and  not 
for  seizing  prey.  This  leads  him  to 
the  fact  that  there  were  no  bones  re¬ 
sembling  those  of  the  hand  and  fin¬ 
gers,  or  those  of  the  claws  of  the  tiger ; 
for  the  motions  which  that  conforma¬ 
tion  of  bones  permits  in  the  paw, 
would  be  useless,  without  the  rotation 
of  the  wrist — he  concludes  that  these 
bones  were  formed  in  one  mass,  like 
the  cannon  bone,  pastern-bone,  and 
coffin-bones  of  the  horse's  foot.* 

The  motion  limited  to  flection  and 
extension  of  the  foot  of  a  hoofed  animal 
implies  the  absence  of  a  collar  bone 
and  a  restrained  motion  in  the  shoulder 
joint ;  and  thus  the  naturalist,  from  the 
specimen  in  his  hand,  has  got  a  perfect 
notion  of  all  the  bones  of  the  anterior 
extremity !  The  motions  of  the  extre¬ 
mities  imply  a  condition  of  the  spine 
which  unites  them.  Each  bone  of  the 
spine  will  have  that  form  which  permits 
the  bounding  of  the  stag,  or  the  gallop¬ 
ing  of  the  horse,  but  it  will  not  have 
that  form  of  joining  which  admits  the 
turning  or  writhing  of  the  spine,  as  in 
the  leopard  or  the  tiger. 

And  now  he  comes  to  the  head  : — the 
teeth  of  a  carnivorous  animal,  he  says, 
would  be  useless  to  rend  prey,  unless 
there  were  claws  to  hold  it,  and  a  mo¬ 
bility  of  the  extremities  like  the  hand,  to 
grasp  it.  He  considers,  therefore,  that 
the  teeth  must  have  been  for  bruising 
herbs,  and  the  back  teeth  for  grinding. 
The  socketing  of  these  teeth  in  the  jaw 
gives  a  peculiar  form  to  these  bones, 
and  the  muscles  which  move  them  are 
also  peculiar  ;  in  short,  he  forms  a  con¬ 
ception  of  the  shape  of  the  skull.  From 
this  point  he  may  set  out  anew,  for  by 
the  form  of  the  teeth,  he  ascertains  the 
nature  of  the  stomach,  the  length  of  the 
intestines,  and  all  the  peculiarities  which 
mark  a  vegetable  feeder 

Thus  the  whole  parts  of  the  animal 
system  are  so  connected  with  one  ano¬ 
ther,  that  from  one  single  bone  or  frag- 


#  For  these  are  solid  bones,  where  it  is  difficult  to 
recognise  any  resemblance  to  the  carpus,  metacar¬ 
pus  and  bones  of  the  fingers  ;  and  yet  comparative 
anatomy  proves  that  these  moveable  bones  are  of 
the  same  class  with  those  in  the  solid  hoof  of  the 
helltue  of  Linnaeus. 
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merit  of  bone,  be  it  of  the  jaw,  or  of  the 
spine,  or  of  the  extremity,  a  really  accu¬ 
rate  conception  of  the  shape,  motions, 
and  habits  of  the  animal,  may  be 
formed. 

It  will  readily  be  understood  that  the 
same  process  of  reasoning  will  ascer¬ 
tain,  from  a  small  portion  of  a  skeleton, 
the  existence  of  a  carnivorous  animal, 
or  of  a  fowl,  or  of  a  bat,  or  of  a  lizard, 
or  of  a  fish  ;  and  what  a  conviction  is 
here  brought  home  to  us,  of  the  extent 
of  that  plan  which  adapts  the  members 
of  every  creature  to  its  proper  office, 
and  yet  exhibits  a  system  extending 
through  the  whole  range  of  animated 
beings,  whose  motions  are  conducted 
by  the  operation  of  muscles  and 
bones 

After  all,  this  is  but  a  part  of  the 
wonders  disclosed  through  the  know¬ 
ledge  of  a  thing  so  despised  as  a  frag¬ 
ment  of  bone.  It  carries  us  into  ano¬ 
ther  science  ;  since  the  knowledge  of  the 
skeleton  not  only  teaches  us  the  classi¬ 
fication  of  creatures,  now  alive,  but 
affords  proofs  of  the  former  existence 
of  animated  beings  which  are  not  now 
to  be  found  on  the  surface  of  the  earth. 
We  are  thus  led  to  an  unexpected  con¬ 
clusion  from  such  premises :  not  merely 
the  existence  of  an  individual  animal, 
or  race  of  animals ;  but  even  the  changes 
which  the  globe  itself  has  undergone  in 
times  before  all  existing  records,  and 
before  the  creation  of  human  beings  to 
inhabit  the  earth,  are  opened  to  our  con¬ 
templation. 


Of  Standing 

This  may  appear  to  some  a  very  simple 
inquiry,  and  yet  it  is  very  ignorant  to 
suppose  that  it  is  so.  The  subject  has 
been  introduced  in  this  fashion: — “  Ob¬ 
serve  these  men  engaged  in  raising  a 
statue  to  its  pedestal  with  the  contri¬ 
vances  of  pullies  and  levers,  and  how 
they  have  placed  it  on  the  pedestal  and 
are  soldering  it  to  keep  it  steady,  lest 
the  wind  should  blow  it  down.  This 
statue  has  the  fair  and  perfect  propor¬ 
tions  of  the  human  body ;  to  all  out¬ 
ward  appearance  it  ought  to  stand.” 

In  the  following  passage,  we  have  the 
same  idea  thrown  out  in  a  manner  which 
we  are  apt  to  call  French.  Were  a 
man  cast  on  a  desert  shore,  and  there 
to  find  a  beautiful  statue  of  marble,  he 
would  naturally  exclaim, — “  Without 


doubt,  there  have  been  inhabitants  here : 
I  recognise  the  hand  of  a  famous  sculp¬ 
tor  :  I  admire  the  delicacy  with  which 
he  has  proportioned  all  the  members  of 
the  body  to  give  them  beauty,  grace,  and 
majesty,  to  indicate  the  motion  and  ex¬ 
pression  of  life.”  But  it  may  be  asked, 
what  would  such  a  man  think  if  his 
companion  were  to  say, — “Not  at  all, 
no  sculptor  made  this  statue ;  it  is 
formed,  to  be  sure,  in  the  best  taste, 
and  according  to  the  rules  of  art,  but 
it  is  formed  by  chance:  amongst  the 
many  fragments  of  marble,  there  has 
been  one  thus  formed  of  itself.  The  rain 
and  the  winds  have  detached  it  from  the 
mountain,  and  a  storm  has  placed  it 
upright  on  the  pedestal.  The  pedestal, 
too,  was  prepared  of  itself  in  this  lonely 
place.  True,  it  is  like  the  Apollo,  or 
the  Venus,  or  the  Hercules.  You  might 
believe  that  the  figure  lived  and  thought  ; 
that  it  was  prepared  to  move  and  speak  ; 
but  it  owes  nothing  to  art ;  blind  chance 
has  placed  it  there."* 

The  first  passage  suggests  the  con¬ 
viction  that  the  power  of  standing  pro¬ 
ceeds  not  from  any  symmetry,  as  in  a 
pillar,  or  from  gravitation  alone.  It,  in 
fact,  proceeds  from  an  internal  provi¬ 
sion,  by  which  a  man  is  capable  of  esti¬ 
mating,  with  great  precision,  the  incli¬ 
nation  of  his  body,  and  correcting  the 
bias  by  the  adjustment  of  the  muscles. 
In  the  second  passage,  it  is  meant  to  be 
shown,  that  the  outward  proportion  of 
the  form  bears  a  relation  to  the  internal 
structure ;  that  grace  and  expression 
are  not  superficial  qualities,  and  that  only 
the  Divine  Architect  could  form  such  a 
combination  of  animated  machinery. 

We  snail  consider  how  the  human 
body  is  prepared  by  mechanical  contri¬ 
vances  to  stand  upright,  and  by  what 
fine  sense  of  the  gravitation  of  the  body 
the  muscles  are  excited  to  stiffen  the 
otherwise  loose  joints,  and  to  poise  the 
body  on  its  base. 


Of  the  Foot. 

Let  us  take  the  arrangement  of  the 
bones  of  the  foot,  according  to  the  de¬ 
monstration  of  the  anatomists. 

They  are  divided  into  the  tarsus, 
which  is  composed  of  seven  bones, 
reaching  from  the  heel  to  the  middle  of 
the  foot.  The  metatarsus,  which  con- 
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sists  of  five  long  bones  laid  parallel  to 
each  other,  and  extending  from  the 
tai-sus  to  the  roots  of  the  toes.  The 
bones  of  the  toes  are  called  pha¬ 
langes,  from  being  in  the  form  of  a 
phalanx. 

There  are  in  all  thirty-six  bones  in 
the  foot ;  and  the  first  question  that  na¬ 
turally  arises,  is,  why  should  there  be  so 
many  bones  ?  The  answer  is,  In  order 
that  there  maybe  so  many  joints;  for 
the  structure  of  a  joint  not  only  permits 
motion,  but  bestows  elasticity. 

A  joint  then  consists  of  the  union  of 
two  bones,  of  such  a  form  as  to  permit 
the  necessary  motion :  but  they  are  not 
in  contact :  each  articulating  surface  is 
covered  with  cartilage,  to  prevent  the 
jar  which  would  result  from  the  contact 
of  the  bones.  This  cartilage  is  elastic, 
and  the  celebrated  Dr.  Hunter  disco¬ 
vered  that  the  elasticity  was  in  conse¬ 
quence  of  a  number  of  filaments  closely 
compacted,  and  extending  from  the  sur¬ 
face  of  the  bone,  so  that  each  filament 
is  perpendicular  to  the  pressure  made 
upon  it.  The  surface  of  the  articulating 
cartilage  is  perfectly  smooth,  and  is  lu¬ 
bricated  by  a  fluid  called  synovia,  sig¬ 
nifying  a  mucilage,  a  viscous  or  thick 
liquor.  This  is  vulgarly  called  joint 
oil,  but  it  has  no  property  of  oil,  al¬ 
though  it  is  better  calculated  than  any 
oil  to  lubricate  the  interior  of  the  joint. 

When  inflammation  comes  upon  a 
joint,  this  fluid  is  not  supplied,  and  the 
joint  is  stiff,  and  the  surfaces  creak 
upon  one  another  like  a  hinge  without 
oil.  A  delicate  membrane  extends  from 
bone  to  bone,  confining  this  lubricating 
fluid,  and  forming  the  boundaiy  of  what 
is  termed  the  cavity  of  the  joint,  al¬ 
though,  in  fact,  there  is  no  unoccupied 
space.  External  to  this  capsule*  of  the 
joint,  there  are  strong  ligaments  going 
irom  point  to  point  of  the  bones,  and  so 
ordered  as  to  bind  them  together  with¬ 
out  preventing  their  proper  motions. 
From  this  description  of  a  single  joint, 
we  can  easily  conceive  what  a  spring  or 
elasticity  is  given  to  the  foot,  where 
thirty- six  bones  are  jointed  together. 

An  elegant  author  has  this  very  natu¬ 
ral  remark  on  the  joints  : — “  In  consi¬ 
dering  the  joints,  there  is  nothing,  per¬ 
haps,  which  ought  to  move  our  grati¬ 
tude  more  than  the  reflection,  how  well 
they  wear.  A  limb  shall  swing  upon 


its  hinge,  or  play  in  its  socket  many 
hundred  times  in  an  hour,  for  sixty  years 
together,  without  diminution  of  its  agi¬ 
lity,  which  is  a  long  time  for  anything 
to  last,  for  anything  so  much  worked 
and  exercised  as  the  joints  are.  This 
durability  I  should  attribute,  in  part,  to 
the  provision  which  is  made  for  the  pre¬ 
venting  of  wear  and  tear :  first,  by  the 
polish  of  cartilaginous  surfaces ;  se¬ 
condly,  by  the  healing  lubrication  of  the 
mucilage  ;  and,  in  part,  to  that  asto¬ 
nishing  property  of  animal  constitutions, 
assimilation,  by  which,  in  every  portion 
of  the  body,  let  it  consist  of  what  it 
will,  substance  is  restored  and  waste 
repaired." — Paley. 

If  the  ingenious  author's  mind  had 
been  professionally  called  to  contem¬ 
plate  this  subject,  he  would  have  found 
another  explanation.  There  is  no  re¬ 
semblance  betwixt  the  provisions  against 
the  wear  and  tear  of  machinery  and 
those  for  the  preservation  of  a  living 
part.  As  the  structure  of  the  parts  is 
originally  perfected  by  the  action  of  the 
vessels,  the  function  or  operation  of  the 
part  is  made  the  stimulus  to  those  ves¬ 
sels.  The  cuticle  on  the  hands  wears 
away  like  a  glove ;  but  the  pressure 
stimulates  the  living  surface  to  force 
successive  layers  of  skin  under  that 
which  is  wearing,  or,  as  the  Anatomists 
call  it,  disquamating ;  by  which  they 
mean,  that  the  cuticle  does  not  change 
at  once,  but  comes  off  in  squamce,  or 
scales.  The  teeth  are  subject  to  pres¬ 
sure  in  chewing  or  masticating,  and  they 
would,  by  this  action,  have  been  driven 
deeper  in  the  jaw,  and  rendered  useless, 
had  there  not  been  a  provision  against 
this  mechanical  effect.  This  provision 
is  a  disposition  to  grow,  or  rather  to 
shoot  out  of  their  sockets  ;  and  this  dis¬ 
position  to  project,  balances  the  pres¬ 
sure  which  they  sustain ;  and  when  one 
tooth  is  lost,  its  opposite  rises,  and  is  in 
danger  of  being  lost  also,  for  want  of 
that  veiy  opposition. 

The  most  obvious  proof  of  contri¬ 
vance  is  the  junction  of  the  foot  to  the 
bones  of  the  leg  at  the  ankle  joint.  The 
two  bones  of  the  leg,  called  the  tibia 
and  the  fibula,  receive  the  great  articu¬ 
lating  bone  of  the  foot  (the  astragalus ) 
betwixt  them.  And  the  extremities  of 
these  bones  of  the  leg  project  so  as  to 
form  the  outer  and  inner  ankle.  Now, 
when  we  step  forward,  and  whilst  the 
foot  is  raised,  it  rolls  easily  upon  the 
ends  of  these  bones,  so  that  the  toe 
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From  capsula,  a  little  case,  or  box. 
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may  be  directed  according  to  the  in¬ 
equalities  of  the  ground  we  are  to  tread 
upon  ;  but  when  the  foot  is  planted,  and 
the  body  is  carried  forward  perpendicu¬ 
larly  over  the  foot,  the  joint  of  the  leg 
and  foot  becomes  fixed,  and  we  have  a 
steady  base  to  rest  upon.  We  next 
observe,  that,  in  walking,  the  heel  first 
touches  the  ground.  If  the  bones  of 
the  leg  were  perpendicular  over  the  part 
which  first  touches  the  ground,  we 
should  come  down  with  a  sudden  jolt, 
instead  of  which  we  descend  in  a  semi¬ 
circle,  the  centre  of  which  is  the  point 
of  the  heel. 


And  when  the  toes  have  come  to  the 
ground  we  are  far  from  losing  the  ad¬ 
vantages  of  the  structure  of  the  foot, 
since  we  stand  upon  an  elastic  arch, 
the  hinder  extremity  of  which  is  the 
heel,  and  the  anterior  the  balls  of  the 
toes.  A  finely  formed  foot  should  be 
high  in  the  instep.  The  walk  of  opera 
dancers  is  neither  natural  nor  beautiful ; 
but  the  surprising  exercises  which  they 
perform  give  to  the  joints  of  the  foot  a 
freedom  of  motion  almost  like  that  of  the 
hand.  We  have  seen  the  dancers,  in  then- 
morning  exercises,  stand  for  twenty 
minutes  on  the  extremities  of  their  toes, 
after  which  the  effort  is  to  bend  the 
inner  ankle  down  to  the  floor,  in  prepa¬ 
ration  for  the  Bolero  step.  By  such 
unnatural  postures  and  exercises  the 
foot  is  made  unfit  for  walking,  as  may 
be  observed  in  any  of  the  retired 
dancers  and  old  figurantes.  By  stand¬ 
ing  so  much  upon  the  toes,  the  human 
foot  is  converted  to  something  more  re¬ 
sembling  that  of  a  quadruped,  where 
the  heel  never  reaches  the  ground,  and 
where  the  paw  is  nothing  more  than  the 
phalanges  of  the  toes. 

This  arch  of  the  foot,  from  the  heel 
to  the  toe,  has  the  astragalus  (A)  re¬ 
sembling  the  keystone  of  an  arch ;  but, 
instead  of  being  fixed,  as  in  masonry, 
it  plays  freely  betwixt  two  bones,  and 
from  these  two  bones,  B  and  C,  a  strong 


Fig.  12. 
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elastic  ligament  is  extended,  on  which 
the  bone  (At  rests,  sinking  or  rising  as 
the  weight  of  the  body  bears  upon  it, 
or  is  taken  off,  and  this  it  is  enabled  to 
do  by  the  action  of  the  ligament  which 
runs  under  it. 

This  is  the  same  elastic  ligament 
which  runs  extensively  along  the  back 
of  the  horse’s  hind  leg  and  foot,  and 
gives  the  fine  spring  to  it,  but  which  is 
sometimes  ruptured  by  the  exertion  of 
the  animal  in  a  leap,  producing  irre¬ 
coverable  lameness. 

Having  understood  that  the  arch  of 
the  foot  is  perfect  from  the  heel  to  the 
toe,  we  have  next  to  observe,  that  there 
is  an  arch  from  side  to  side  ;  for  when  a 
transverse  section  is  made  of  the  bones 
of  the  foot,  the  exposed  surface  pre¬ 
sents  a  perfect  arch  of  wedges,  regu¬ 
larly  formed  like  the  stones  of  an  arch 
in  masonry.  If  we  look  down  upon 
the  bones  of  the  foot,  we  shall  see  that 
they  form  a  complete  circle  horizontally, 
leaving  a  space  in  their  centre.  These 
bones  thus  form  three  different  arches 
— forward  ;  across  ;  and  horizontally : 
they  are  wedged  together,  and  bound  by 
ligaments,  and  this  is  what  we  alluded 
to  when  we  said  that  the  foundations  of 
the  Eddystone  were  not  laid  on  a  better 
principle ;  but  our  admiration  is  more 
excited  in  observing,  that  the  bones  of 
the  foot  are  not  only  wedged  together, 
like  the  courses  of  stone  for  resistance, 
but  that  solidity  is  combined  with  elas¬ 
ticity  and  lightness. 

Notwithstanding  the  mobility  of  the 
foot  in  some  positions,  yet  when  the 
weight  of  the  body  bears  directly  over 
it,  it  becomes  immoveable,  and  the 
bones  of  the  leg  must  be  fractured  be¬ 
fore  the  foot  yields. 

We  shall  proceed  to  explain  how  the 
knee-joint  and  hip-joint,  independently 
of  the  exertion  of  muscles,  become  firm 
in  the  standing  position,  and  when  at 
rest :  but,  before  we  enter  upon  this,  let 
us  understand  the  much  talked-of  de¬ 
monstration  of  Borelli,  who  explained 
the  manner  in  which  a  bird  sits  upon  a 
branch  when  asleep.  The  weight  of 
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the  creature,  and  the  consequent  flexion 
of  the  limbs  drawing  the  tendons  of  the 
talons,  so  as  to  make  them  grasp  the 
branch  without  muscular  effort. 


Fig.  13. 


The  muscle  A  passing  over  the  joint 
at  B,  and  then  proceeding  to  the  back 
of  the  leg,  and  behind  the  joint  at  C, 
and  so  descending  behind  the  foot  at  D, 
it  extends  to  the  talons  ;  and  the  weight 
of  the  bird,  bending  the  joint  B  and  C, 
produces  the  effect  of  muscular  effort, 
and  makes  the  claws  cling. 

But  why  should  the  anatomist  have 
recourse  to  this  piece  of  comparative 
anatomy,  when  he  has  so  fine  an  ex¬ 
ample  in  the  human  body  ?  And  one 
which  is  much  more  interesting,  as, 
in  fact,  it  is  the  foundation  of  reason¬ 
ing  upon  the  diseases  and  accidents  of 
the  limb.  If  this  beautiful  arrange¬ 
ment  in  the  healthy  and  perfect  struc¬ 
ture  of  a  man’s  limb  be  not  attended 
to,  it  would  be  easy  to  prove  that  many 
important  circumstances,  in  regard  to 
disease  and  accidents,  must  remain  ob¬ 
scure. 

The  posture  of  a  soldier  under  arms, 
when  his  heels  are  close  together,  and 
his  knees  straight,  is  a  condition  of 
painful  restraint.  Observe,  then,  the 
change  in  the  body  and  limbs,  when 
he  is  ordered  to  stand  at  ease ;  the 
firelock  falls  against  his  relaxed  arms, 
the  right  knee  is  thrown  out,  and  the 
tension  of  the  ankle  joint  of  the  same 
leg  is  relieved,  whilst  he  loses  an  inch 
and  a  half  of  his  height,  and  sinks 
down  upon  his  left  hip.  This  command 
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to  “  stand  at  ease,”  has  a  higher  au¬ 
thority  than  the  general  orders.  It  is 
a  natural  relaxation  of  all  the  muscles  ; 
which  are,  consequently,  relieved  from 
a  painful  state  of  exertion :  and  the 
weight  of  the  body  bears  so  upon  the 
lower  extremity,  as  to  support  the  joints 
independently  of  muscular  effort.  The 
advantage  of  this  will  be  understood, 
when  we  consider  that  all  muscular  ef¬ 
fort  is  made  at  the  expense  of  a  living' 
power,  which,  if  excessive,  will  exhaust 
and  weary  a  man,  whilst  the  position  of 
rest  which  we  are  describing  is  without 
effort,  and  therefore  gives  perfect  re¬ 
lief.  And  it  is  this  which  makes  boys 
and  girls,  who  are  out  of  health  and 
languid,  lounge  too  much  in  the  posi¬ 
tion  of  relief,  from  whence  comes  per¬ 
manent  distortion. 

This  figure  represents  the  bones  of 
the  leg. 


Animal  mechanics. 


The  plumb-line  shows  the  direction  of 
the  gravitation  of  the  body  falling  be¬ 
hind  the  head  of  the  thighbone.  N ow, 
if  it  be  understood  that  the  motions  of 
the  trunk  are  performed  on  the  centre 
of  the  head  of  the  thighbone ;  it  must 
follow  that  the  weight  of  the  body  in 
the  direction  of  the  plumb-line  must 
raise  the  coner  of  the  haunch-bone,  at 
A.  From  this  comer  of  the  bone,  a 
broad  and  strong  band  runs  down  to 
the  knee-pan,  B,  in  the  direction  of  the 
dotted  line.  The  powerful  muscles 
which  extend  the  leg  are  attached  to 
the  knee-pan,  and  through  the  ligament 
at  C,  operate  on  the  bones  of  the  leg, 
stretching  them,  and  preventing  the 
flexion  of  the  joint ;  but,  in  the  absence 
of  the  activity  of  these  muscles,  the 
band  reaching  from  A  to  B,  drawn,  as 
we  have  said,  by  the  weight  of  the  body, 
is  equivalent  to  the  exertion  of  the 
muscles,  braces  the  knee-joint,  and  ex¬ 
tends  the  leg ;  and  we  have  before 


seen  that  the  extension  of  the  leg  fixes 
the  ankle-joint.  Thus  the  limb  is  made 
a  firm  pillar  under  the  weight  of  the 
body,  without  muscular  effort. 

When  the  human  figure  is  left  to  its 
natural  attitudes,  we  see  a  variety  and 
contrast  in  the  position  of  the  trunk 
and  limbs. 

This  position  of  the  body  resting  on  the 
lower  extremities  throws  the  trunk  into 
an  elegant  line,  and  places  the  limbs  in 
beautiful  contrast,  as  we  see  in  all  the 
best  specimens  of  sculpture.  See  fig.  15. 

Now  that  we  have  understood  that 
the  lower  extremity  becomes  in  some 
positions  a  firm  pillar,  it  is  the  more  ne¬ 
cessary  to  observe  the  particular  form 
of  the  head  of  the  thigh  bone,  (fig.  16.) 

Fig.  16. 


Fig.  15. 


It  is  here  seen  that  the  head  of  the 
bone  A  stands  off  from  the  shaft  by  the 
whole  length  of  the  neck  of  the  bone  B  ; 
the  effect  of  this  is,  that  as  the  powerful 
muscles  are  attached  to  the  knobs  of  bone 
C  D,  they  turn  the  thigh-bone  round  in 
walking  with  much  greater  power  than 
if  the  head  of  the  bone  were  on  a  line 
with  the  shaft.  They,  in  fact,  acquire  a 
lever  power,  by  the  distance  of  D  from  A, 
as,  during  the  action  of  these  muscles, 
the  limb  is  stiff,  the  rolling  of  the  thigh 
directs  the  toe  outwards  in  walking. 

When  the  weight  of  the  body  is  per¬ 
pendicularly  over  the  ball  of  the  great 
toe,  the  whole  body  is  twisted  round  on 
that  point  as  on  a  pivot.  This  rolling 
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of  the  body  on  the  ball  of  the  toe,  and 
consequent  turning  out  of  the  toes  in 
stepping  forward,  is  necessary  to  the 
freedom  and  elasticity  of  the  motion. 
The  form  of  all  the  bones  of  the  leg, 
and  the  direction  of  all  the  muscles  of 
the  thigh  and  leg,  combine  to  this 
effect.  So  far  is  it  from  being  true,  as 
painters  affect  to  say,  that  the  turning 
out  of  the  toes  is  the  result  of  the  les¬ 
sons  of  the  dancing-master. 

A  certain  squareness  in  the  position 
of  the  feet  is  consistent  with  strength, 
as  we  see  in  the  statues  of  the  Hercu¬ 
les,  &c. ;  but  the  lightness  of  a  Mercury 
is  indicated  by  the  direction  of  the  toes 
outwards.  In  women,  there  would  be 
a  defect  from  the  breadth  of  the  pelvis, 
and  a  rolling  and  an  awkward  gait 
would  be  the  consequence ;  but  in  them 
the  foot  is  more  turned  out,  and  a 
light,  elastic  step  balances  the  defect 
arising  from  the  form  of  the  pelvis. 
Any  one  may  be  convinced  of  this  by 
observing  people  who  walk  awkwardly, 
especially  if  they  walk  unequally.  Look 
at  their  feet,  and  you  will  see  that  one 
foot  goes  straight  forward,  whilst  the 
other  is  turned  outwards,  and  that  when 
they  come  upon  the  straight  foot,  they 
come  down  awkwardly,  and  have  no 
spring  from  it. 

There  is  another  curious  circum¬ 
stance  in  the  form  of  the  thighbone, 
showing  how  it  is  calculated  for 
strength  as  well  as  freedom  of  motion. 
To  understand  it,  we  must  first  look 
to  the  dishing  of  a  wheel — the  dishing 
is  the  oblique  position  of  the  spokes 
from  the  nave  to  the  felly,  giving  the 
wheel  a  slightly  conical  form.  When 
a  cart  is  in  the  middle  of  a  road,  the 
load  bears  equally  upon  both  wheels, 
and  both  wheels  stand  with  their 
spokes  oblique  to  the  line  of  gravita¬ 
tion. 

If  the  cart  is  moving  on  the  side  of  a 
barrel-shaped  road,  or  if  one  wheel  falls 
into  a  rut,  the  whole  weight  comes  upon 
one  wheel :  but  the  spokes  of  that 
wheel,  which  were  oblique  to  the  load 
when  it  supported  only  one  half  of  the 
weight,  are  now  perpendicular  under 
the  pressure,  and  are  capable  of  sus¬ 
taining  the  whole.  If  roads  were  made 
perfectly  level,  and  had  no  holes  in 
them,  the  wheels  of  carts  might  be  made 
without  dishing ;  but  if  a  cart  is  calcu¬ 
lated  for  a  country  road,  let  the  wheel¬ 
wright  consider  what  equivalent  he  has 
to  give  for  that  very  pretty  result  pro- 


Fig.  17. 


ceeding  from  the  obliquity  of  the  spokes, 
or  dishing  of  the  wheel. 

When  we  return  to  consider  the  hu¬ 
man  thighbone,  we  see  that  the  same 
principle  holds ;  that  is  to  say,  that 
whilst  a  man  stands  on  both  his  legs, 
the  necks  of  the  thigh  bones  are  ob¬ 
lique  to  the  line  of  gravitation  of  the 
body;  but  when  one  foot  is  raised, 
the  whole  body  then  being  balanced  on 
one  foot,  a  change  takes  place  in  the 
position  of  the  thighbone,  and  the 
obliquity  of  that  bone  is  diminished ; 
or,  in  other  words,  now  that  it  has  the 
whole  weight  to  sustain,  it  is  perpendi¬ 
cular  under  it,  and  has  therefore  ac¬ 
quired  greater  strength.  See  Fig.  18. 


Fig.  18. 
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Chapter  V. 

Of  the  Tendons  compared  with  Cordage. 

Where  nature  has  provided  a  perfect 
system  of  columns,  and  levers,  and 
pullies,  we  may  anticipate  that  the  cords 
by  which  the  force  of  the  muscles  is 
concentrated  on  the  moveable  bones, 
must  be  constructed  with  as  curious  a 
provision  for  their  offices.  In  this  sur¬ 
mise  we  shall  not  be  disappointed. 

To  understand  what  is  necessary  to 
the  strength  of  a  rope  or  cable,  we  must 
learn  what  has  been  the  object  of  the 
improvements  and  patents  in  this  ma¬ 
nufacture.  The  first  process  in  rope¬ 
making,  is  hatchelling  the  hemp  ;  that 
is,  combing  out  the  short  fibres,  and 
placing  the  long  ones  parallel  to  one 
another.  The  second  is,  spinning  the 
hemp  into  yarns.  And  here  the  principle 
must  be  attended  to,  which  goes  through 
the  whole  process  in  forming  a  cable ; 
which  is  that  the  fibres  of  the  hemp 
shall  bear  an  equal  strain :  and  the  diffi¬ 
culty  may  be  easily  conceived,  since  the 
twisting  must  derange  the  parallel  posi¬ 
tion  of  the  fibres.  Each  fibre,  as  it  is 
twisted,  ties  the  other  fibres  together, 
so  as  to  form  a  continued  line,  and  it 
bears  at  the  same  time,  a  certain  por¬ 
tion  of  the  strain,  and  so  each  fibre  al¬ 
ternately.  The  third  step  of  the  process 
is  making  the  yarns.  Warping  the 
yarns,  is  stretching  them  to  a  certain 
length  ;  and  for  the  same  reason,  that  so 
much  attention  has  been  paid  to  the 
arrangement  of  the  fibres  for  the  yarns, 
the  same  care  is  taken  in  the  manage¬ 
ment  of  the  yarns  for  the  strands.  The 
fourth  step  of  the  process  is  to  form 
the  strands  into  ropes.  The  difficulty 
of  the  art  has  been  to  make  them  bear 
alike,  especially  in  great  cables,  and  this 
has  been  the  object  of  patent  machinery. 
The  hardening,  by  twisting,  is  also  an 
essential  part  of  the  process  of  rope¬ 
making  ;  for  without  this,  it  would  be 
little  better  than  extended  parallel  fibres 
of  hemp.  In  this  twisting,  first  of  the 
yarns,  and  then  of  the  strands,  those 
which  are  on  the  outer  surface  must  be 
more  stretched  than  those  near  the 
centre ;  consequently,  when  there  is  a 
strain  upon  the  rope,  the  outer  fibres 
will  break  first,  and  the  others  in  suc¬ 
cession.  It  is  to  avoid  this,  that  each 
am  and  each  strand,  as  it  is  twisted  or 
ardened,  shall  be  itself  revolving,  so 


that  when  drawn  into  the  cable,  the 
whole  component  parts  may,  as  nearly 
as  possible,  resist  the  strain  in  an  equal 
degree ;  but  the  process  is  not  perfect, 
and  this  we  must  conclude  from  observ¬ 
ing  how  different  the  construction  of  a 
tendon  is  from  that  of  a  rope.  A  tendon 
consists  of  a  strong  cord,  apparently 
fibrous;  but  which,  by  the  art  of  the 
anatomist,  may  be  separated  into  lesser 
cords,  and  these,  by  maceration,  can  be 
shown  to  consist  of  cellular  membrane, 
the  common  tissue  that  gives  firmness 
to  all  the  textures  of  the  animal  body. 
The  peculiarity  here  results  merely 
from  its  remarkable  condensation.  But 
tire  cords  of  which  the  larger  tendon 
consists,  do  not  lie  parallel  to  each  other, 
nor  are  they  simply  twisted  like  the 
strands  of  a  rope  ;  they  are,  on  the  con¬ 
trary,  plaited  or  interwoven  together. 

If  the  strong  tendon  of  the  heel,  or 
Achilles  tendon,  be  taken  as  an  example, 
on  first  inspection,  it  appears  to  con¬ 
sist  of  parallel  fibres,  but  by  macera¬ 
tion,  these  fibres  are  found  to  be  a  web 
of  twisted  cellular  texture.  If  you  take 
your  handkerchief,  and,  slightly  twisting 
it,  draw  it  out  like  a  rope,  it  will  seem 
to  consist  of  parallel  cords ;  such  is,  in 
fact,  so  far  the  structure  of  a  tendon. 
But,  as  we  have  stated,  there  is  some¬ 
thing  more  admirable  than  this,  for  the 
tendon  consists  of  subdivisions,  which 
are  like  the  strands  of  a  rope  ;  but  in¬ 
stead  of  being  twisted  simply  as  by  the 
process  of  hardening,  they  are  plaited 
or  interwoven  in  a  way  that  could  not 
be  imitated  in  cordage  by  the  turning  of 
a  wheel.  Here  then  is  the  difference, — 
by  the  twisting  of  a  rope,  the  strands 
cannot  resist  the  strain  equally,  whilst 
we  see  that  this  is  provided  for  in  the 
tendon  by  the  regular  interweaving  of 
the  yarn,  if  we  may  so  express  it,  so 
that  every  fibre  deviates  from  the  paral¬ 
lel  line  in  the  same  degree,  and,  conse¬ 
quently,  receives  the  same  strain  when 
the  tendon  is  pulled.  If  we  seek  for 
examples  illustrative  of  this  structure  of 
the  tendons,  we  must  turn  to  the  sub¬ 
ject  of  ship-rigging,  and  see  there  how 
the  seaman  contrives,  by  undoing  the 
strands  and  yarns  of  a  rope,  and  twist¬ 
ing  them  anew,  to  make  his  splicing 
stronger  than  the  original  cordage.  A 
sailor  opens  the  ends  of  two  ropes  thus :  * 


*  A,  Strands  and  Yarns  opened. 

B,  Ends  opened  and  laid  for  splicing,  in  a  man¬ 
ner  exactly  like  the  interlacing  of  the  tendon. 
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Fig.  19- 


and  places  the  strand  of  one  opposite 
and  between  the  strand  of  another,  and 
so  interlaces  them.  And  this  explains 
why  a  hawser-rope,  a  sort  of  small  cable, 
is  spun  of  three  strands ;  for  as  they  are 
necessary  for  many  operations  in  the 
rigging  of  a  ship,  they  must  be  formed 
in  a  way  that  admits  of  being  cut  and 
spliced,  for  the  separation  of  three 
strands,  at  least,  is  necessary  for  knot¬ 
ting,  splicing,  whipping,  mailing,  &c., 
which  are  a  few  of  the  many  curious 
contrivances  for  joining  the  ends  of 
ropes,  and  for  strengthening  them  by 
filling  up  the  interstices  to  preserve 
them  from  being  cut  or  frayed.  As 
these  methods  of  splicing  and  plaiting 
in  the  subdivisions  of  the  rope  make  an 
intertexture  stronger  than  the  original 
rope,  it  is  an  additional  demonstration, 
if  any  were  wanted,  to  show  the  perfec¬ 
tion  of  the  cordage  of  an  animal  ma¬ 
chine,  since  the  tendons  are  so  inter¬ 
woven  ;  and  until  the  yarns  of  one 
strand  be  separated  and  interwoven  with 
the  yarns  of  another  strand,  and  this 
done  with  regular  exchange,  the  most 
approved  patent  ropes  must  be  inferior 
to  the  corresponding  part  of  the  animal 
machinery. 

A  piece  of  cord  of  a  new  patent  has 
been  shown  to  us,  which  is  said  to  be 
many  times  stronger  than  any  other 
cord  of  the  same  diameter.  It  is  so  far 
upon  the  principle  here  stated,  that  the 
strands  are  plaited  instead  of  being 
twisted  ;  but  the  tendon  has  still  its  su¬ 
periority,  for  the  lesser  yarns  of  each 
strand  in  it  are  interwoven  with  those 
of  other  strands.  It,  however,  gratifies 
us  to  see,  that  the  principle  we  draw 
from  the  animal  body  is  here  confirmed. 
It  may  be  asked,  do  not  the  tendons  of 


the  human  body  sometimes  break? 
They  do ;  but  in  circumstances  which 
only  add  to  the  interest  of  the  subject. 
By  the  exercise  ofthe  tendons,  (and  their 
exercise  is  the  act  of  being  pulled  upon 
by  the  muscles,  or  having  a  strain  made 
on  them,)  they  become  firmer  and 
stronger ;  but  in  the  failure  of  muscular 
activity,  they  become  less  capable  of 
resisting  the  tug  made  upon  them,  and 
if,  after  a  long  confinement,  a  man  has 
some  powerful  excitement  to  muscular 
exertion,  then  the  tendon  breaks.  An 
old  gentleman,  whose  habits  have  been 
long  staid  and  sedentary,  and  who  is 
very  guarded  in  his  walk,  is  upon  an 
annual  festival  tempted  to  join  the 
young  people  in  a  dance ;  then  he  breaks 
his  tendo  Achillis.  Or  a  sick  person, 
long  confined  to  bed,  is,  on  rising,  sub¬ 
ject  to  a  rupture  or  hernia,  because  -he 
tendinous  expansions  guarding  against 
protrusion  of  the  internal  parts,  have 
become  weak  from  disuse. 

Such  circumstances  remind  us  that 
we  are  speaking  of  a  living  body,  and 
that,  in  estimating  the  properties  of  the 
machinery,  we  ought  not  to  forget  the 
influence  of  life,  and  that  the  natural 
exercise  of  the  parts,  whether  they  be 
active  or  passive,  is  the  stimulus  to  the 
circulation  through  them,  and  to  their 
growth  and  perfection. 


Chapter  VI. 

Of  the  Muscles — of  Muscularity  and 
Elasticity. 

There  are  two  powers  of  contraction 
in  the  animal  frame — elasticity,  which 
is  common  to  living  and  dead  matter, 
and  the  muscular  powrer,  which  is  a 
property  of  the  living  fibre. 

The  muscles  are  the  only  organs 
which  properly  have  the  power  of  con¬ 
traction,  for  elasticity  is  never  exerted 
but  in  consequence  of  some  other  power 
bending  or  stretching  the  elastic  body. 
In  the  muscles,  on  the  contrary,  motion 
originates  ;  there  being  no  connexion,  on 
mechanical  principles,  betwixt  the  ex¬ 
citing  cause  and  the  power  brought  into 
action. 

The  real  power  is  in  the  muscles, 
w'hile  the  safeguard  against  the  excess 
of  that  power  is  in  the  elasticity  of  the 
parts.  This  is  obvious  in  the  limbs  and 
general  texture  of  the  frame ;  but  it  is 
most  perfectly  exhibited  in  the  organs 
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of  circulation.  If  the  action  of  the 
heart  impelled  the  blood  against  parts 
of  solid  texture,  they  would  quickly 
yield.  When,  by  accident,  this  does 
take  place,  even  the  solid  bone  is  very 
soon  destroyed.  But  the  coats  of  the 
artery  which  receive  the  rush  of  blood 
from  the  heart,  although  thin,  are  lim¬ 
ber  and  elastic  ;  and  by  this  elasticity 
or  yielding  they  take  off  or  subdue  the 
shock  of  the  heart’s  action,  while  no 
force  is  lost ;  for  as  the  elastic  artery 
has  yielded  to  the  sudden  impulse  of 
the  heart,  it  contracts  by  elasticity  in 
the  interval  of  the  heart's  pulsation ; 
and  the  blood  continues  to  be  propelled 
onward  in  the  course  of  the  circulation, 
without,  interval,  though  regularly  acce¬ 
lerated  by  the  pulse  of  the  heart. 

If  a  steam-engine  were  used  to  force 
water  along  the  water-pipes,  without 
the  intervention  of  some  elastic  body, 
the  water  would  not  flow  continuously, 
but  in  jerks,  and,  therefore,  a  reservoir 
is  constructed  containing  air,  into 
which  the  water  is  forced,  against  the 
elasticity  of  the  air.  Thus,  each  stroke 
of  the  piston  is  not  perceptibly  commu¬ 
nicated  to  the  conduit-pipe,  because 
the  intervals  are  supplied  by  the  push 
of  the  compressed  air.  The  office  of 
the  reservoir  containing  air  is  per¬ 
formed  in  the  animal  body  by  the  elas¬ 
ticity  of  the  coats  of  the  arteries,  by 
which  means  the  blood  which  flows 
interruptedly  into  the  arteries  has  a  con¬ 
tinuous  and  uninterrupted  flow  in  the 
veins  beyond  them. 

A  muscle  is  fibrous,  that  is,  it  con¬ 
sists  of  minute  threads  bundled  toge¬ 
ther,  the  extremities  of  which  are  con¬ 
nected  with  the  tendons  which  have 
been  described.  Innumerable  fibres  are 
thus  joined  together  to  form  one  muscle, 
and  every  muscle  is  a  distinct  organ. 
Of  these  distinct  muscles  for  the  mo¬ 
tions  of  the  body  there  are  not  less 
than  436  in  the  human  frame,  indepen¬ 
dent  of  those  which  perform  the  internal 
vital  motions.  The  contractile  power, 
which  is  in  the  living  muscular  fibre, 
presents  appearances  which,  though  fa¬ 
miliar,  are  really  the  most  surprising  of 
all  the  properties  of  life.  Many  attempts 
have  been  made  to  explain  this  pro¬ 
perty,  sometimes  by  chemical  experi¬ 
ment,  sometimes  on  mechanical  princi¬ 
ples,  but  always  in  a  manner  repugnant 
to  common  sense.  We  must  be  satis¬ 
fied  with  saying,  that  it  is  an  endow 
ment,  the  cause  of  which  it  would  be 


as  vain  to  investigate  as  to  resume  the 
search  into  the  cause  of  gravitation. 

The  ignorance  of  the  cause  of  mus¬ 
cular  contraction  does  not  prevent  us 
from  studying  the  laws  which  regulate  it, 
and  under  this  head  are  included  subjects 
of  the  highest  interest;  which,  how¬ 
ever,  we  must  leave,  to  pursue  the  me¬ 
chanical  arrangement  of  the  muscles. 

Since  we  have  seen  that  there  are  436 
distinct  muscles  in  the  body,  it  is  due 
to  our  readers  to  explain  how  they  are 
associated  to  effect  that  combination 
which  is  necessary  to  the  motion  of  the 
limbs  and  to  our  perfect  enjoyment.  In 
the  first  place,  the  million  of  fibres, 
which  constitute  a  single  muscle,  are 
connected  by  a  tissue  of  nerves,  which 
produce  a  union  or  sympathy  amongst 
them,  so  that  one  impulse  causes  a  si¬ 
multaneous  effort  of  all  the  fibres  at¬ 
tached  to  the  same  tendon.  When  we 
have  understood  that  the  muscles  are 
distinct  organs  of  motion,  we  perceive 
that  they  must  be  classed  and  asso¬ 
ciated  in  order  that  many  shall  combine 
in  one  act ;  and  that  .others,  their  oppo¬ 
nents,  shall  be  put  in  a  state  to  relax, 
and  offer  no  opposition  to  those  which 
are  active.  These  relations  can  only  be 
established  through  nerves,  which  are 
the  organs  of  communication  with  the 
brain,  or  sensorium.  The  nerves  con¬ 
vey  the  will  to  the  muscles,  and  at  the 
same  time  they  class  and  arrange  them 
so  as  to  make  them  consent  to  the  mo¬ 
tions  of  the  body  and  limbs. 

On  first  looking  to  the  manner  in 
which  the  muscles  are  fixed  into  the 
bones,  and  the  course  of  their  tendons, 
we  observe  everywhere  the  appearance 
of  a  sacrifice  of  mechanical  power,  the 
tendon  being  inserted  into  the  bone  in 
such  a  manner  as  to  lose  the  advantage 
of  the  lever.  This  appears  to  be  an 
imperfection,  until  we  learn  that  there 
is  an  accumulation  of  vital  power  in 
the  muscle  in  order  to  attain  velocity  of 
movement  in  the  member,  (fig,  20.) 

The  muscle  D,  which  bends  the  fore¬ 
arm,  is  inserted  into  the  radius  E,  so 
near  the  fulcrum,  or  centre  of  motion 
in  the  elbow  joint,  and  so  oblique  that 
it  must  raise  the  hand  and  fore-arm 
with  disadvantage.  But,  correctly 
speaking,  the  power  of  the  muscle  is 
not  sacrificed,  since  it  gains  more  than 
an  equivalent  in  the  rapid  and  lively 
motions  of  the  hand  and  fingers,  and 
since  these  rapid  motions  are  necessary 
to  us  in  a  thousand  familiar  actions ; 
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and  to  attain  this,  the  Creator  has  given 
sufficient  vital  power  to  the  muscles  to 
admit  of  the  sacrifice  of  the  mechani¬ 
cal  or  lever  power,  and  so  to  provide 
for  every  degree  and  variety  of  motion 
which  may  answer  to  the  capacities  of 
the  mind. 

If  we  represent  the  bones  and  mus¬ 
cles  of  the  fore-arm  by  this  diagram, 
we  shall  see  that  power  is  lost  by  the 
inclination  of  the  tendon  to  the  lever, 
into  which  it  is  inserted.  It  represents 
the  lever  of  the  third  kind,  where  the 
moving  power  operates  on  a  point  nearer 
the  fulcrum  than  the  weight  to  be 
moved. 

Here  A  represents  the  muscle,  B  the 
lever,  and  C  the  fulcrum.  The  power 
of  the  muscle  is  not  represented  by  the 
distance  of  its  insertion  a,  from  the 


fulcrum  C.  The  line  which  truly  repre¬ 
sents  the  lever  must  pass  from  the 
centre  of  motion,  perpendicularly  to  the 
line  of  the  tendon,  viz.,  C,  b.  Here, 
again,  by  the  direction  of  the  tendon,  as 
well  as  by  its  actual  attachment  to  the 
bone,  power  is  lost  and  velocity  gained. 

We  may  compare  the  muscular  power 
to  the  weight  which  impels  a  machine. 
In  studying  machinery,  it  is  manifest 
that  weight  and  velocity  are  equivalent. 
The  handle  of  the  winch  in  a  crane  is  a 
lever,  and  the  space  through  which  it 
moves,  in  comparison  with  the  slow 
motion  of  the  weight,  is  the  measure  of 


its  power.  If  the  weight,  raised  by  the 
crane,  be  permitted  to  go  down,  the 
wheels  revolve,  and  the  handle  moves 
with  the  velocity  of  a  cannon-ball,  and 
will  be  as  destructive  if  it  hit  the  work¬ 
man.  The  weight  here  is  the  power, 
but  it  operates  with  so  much  disadvan¬ 
tage,  that  the  hand  upon  the  handle  of 
the  winch  can  stop  it :  but  give  it  way, 
let  the  accelerated  motion  take  place, 
and  the  hand  would  be  shattered  which 
touched  it.  Just  so  the  fly-wheel,  mov¬ 
ing  at  first  slowly,  and  an  impediment 
to  the  working  of  a  machine,  at  length 
acquires  momentum,  so  as  to  concen¬ 
trate  the  power  of  the  machine,  and 
enable  it  to  cut  bars  of  iron  with  a 
stroke. 

The  principle  holds  in  the  animal 
machinery.  The  elbow  is  bent  with  a 
certain  loss  of  mechanical  power ;  but 
by  that  very  means,  when  the  loss  is 
supplied  by  the  living  muscular  power, 
the  hand  descends  through  a  greater 
space,  moves  quicker,  with  a  velocity 
which  enables  us  to  strike  or  to  cut. 
Without  this  acquired  velocity,  we  could 
not  drive  a  nail:  the  mere  muscular 
power  would  be  insufficient  for  many 
actions  quite  necessary  to  our  existence. 

Let  us  take  some  examples  to  show 
what  objects  are  attained  through  the 
oblique  direction  of  the  fibres  of  the 
muscle,  and  we  shall  see  that  here,  as 
well  as  by  the  mode  of  attachment  of 
the  entire  muscle,  velocity  is  attained 
by  the  sacrifice  of  power.  Suppose  that 
these  two  pieces  of  wood  (Jig.  22.)  to  be 
drawn  together  by  means  of  a  cord, 
but  that  the  hand  which  pulls,  although 
possessing  abundant  strength,  wants 
room  to  recede  more  than  what  is  equal 
to  one  third  of  the  space  betwixt  the 
pieces  of  wood ;  it  is  quite  clear,  that 
if  the  hand  were  to  draw  direct  on  the 
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Fig.  22. 


cord  A,  B,  the  point  A  would  be 
brought  towards  B,  through  one  third 
only  of  the  intervening  space,  and  the 
end  would  not  be  accomplished.  But 
if  the  cord  were  put  over  the  ends  of 
the  upper  piece,  C,  D,  E,  and,  conse¬ 
quently,  directed  obliquely  to  their  at¬ 
tachment  at  A,  on  drawing  the  hand 
back  a  very  little,  but  with  more  force, 
the  lower  piece  of  wood  would  be  sud¬ 
denly  drawn  up  to  the  higher  piece,  and 
the  object  attained.  Or  we  may  put  it  in 
this  form  : — If  a  muscle  be  in  the  direc¬ 
tion  of  its  tendon,  the  motion  of  the 
extremity  of  the  tendon  will  be  the 
same  with  that  of  the  muscle  itself: 
but  if  the  attachment  of  the  muscle 
to  the  tendon  be  oblique,  it  will  draw 
the  tendon  through  a  greater  space ; 
and  if  the  direction  of  the  muscle  devi¬ 


ate  so  far  from  the  line  of  the  tendon  as 
to  be  perpendicular  to  it,  it  will  then 
be  in  a  condition  to  draw  the  tendon 
through  the  greatest  space  with  the  least 
contraction  of  its  own  length. 

Thus,  if  A,  B  be  a  tendon,  and  C,  D 
a  muscle ;  by  the  contraction  of  C  to  D 


the  extremities  of  the  tendon  A,  B  will 
be  brought  together,  through  a  space 
double  the  contraction  of  the  muscle. 
It  is  the  adjustment,  on  the  same  prin¬ 
ciple,  which  gives  the  arrow  so  quick  an 
impulse  from  the  spring  of  the  bow,  the 
extremities  of  the  bow  drawing  obliquely 
on  the  string. 

To  free  breathing,  it  is  necessary  that 
the  ribs  shall  approach  each  other,  and 
this  is  performed  by  certain  intercostal 
muscles,  (or  muscles  playing  between 
the  ribs,)  and  now  we  can  answer  the 
question,  why  are  the  fibres  of  these 
muscles  oblique  ? 

Let  us  suppose  this  figure  to  repre¬ 
sent  two  ribs  with  thin  intervening  mus¬ 
cles.  If  the  fibres  of  the  muscle  were 


in  the  direction  A,  across,  and  perpen¬ 
dicular  to  the  ribs  ;  and  if  they  were  to 
contract  one-third  of  their  length,  they 
would  not  close  the  intervening  space — 
they  w'ould  not  accomplish  the  purpose. 
But  being  oblique,  as  at  B,  although 
they  contract  no  more  than  one-third  of 
their  length,  they  will  bring  the  ribs 
C,  D  together.  By  this  obliquity  of 
the  intercostal  muscles,  they  are  enabled 
to  expand  the  chest  in  inspiration,  in  a 
manner  which  could  not  be  otherwise 
accomplished. 

In  the  greater  number  of  muscles  the 
same  principle  directs  the  arrangement 
of  the  fibres  ;  they  exchange  power  for 
velocity  of  movement,  by  their  obliqui¬ 


ty.  They  do  not  go  direct  from  origin 
to  insertion,  but  obliquely,  thus,  from 
tendon  to  tendon : — 

Fig.  25. 


A 


Supposing  the  point  A  to  be  the  fixed 
point,  these  fibres  draw  the  point  B 
with  less  force,  but  through  a  larger 
space,,  or  more  quickly  than  if  they 
took  their  course  in  dii-ect  lines ;  and 
by  this  arrangement  of  the  fibres  the 
freedom  and  extent  of  motion  in  our 
limbs  are  secured. 
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and  sometimes  the  texture  of  the  muscle 
is  still  further  compounded  by  the  in¬ 
termixture  of  tendons,  which  permit 
additional  series  of  fibres  ;  and  all  this 
for  the  obvious  purpose  of  accumulating 
power,  which  may  be  exchanged  for 
velocity  of  movement. 

We  may  perceive  the  same  effect  to 
result  from  the  course  of  the  tendons, 
and  their  confinement  in  sheaths, 
strengthened  bycross-straps  of  ligament. 
If  the  tendon,  A,  (Jig.  27)  took  the 
shortest  course  to  its  termination  at  B,  it 
would  draw  up  the  toe  with  greater  force  ; 
but  then  the  toe  would  lose  its  velocity 
of  movement.  By  taking  the  direction 


Fig.  27. 


But  the  muscles  must  be  strengthen¬ 
ed  by  additional  courses  of  fibres,  be¬ 
cause  they  are  oblique  ;  since  by  their 
obliquity  they  lose  something  of  their 
force  of  action  :  and  therefore  it  is,  we 
must  presume,  that  we  find  them  in  a 
double  row,  making  what  is  termed  the 
pennij'orm  muscle,  thus, — 


Fig.  26. 


C,  close  to  the  joints,  the  velocity  of 
motion  is  secured,  and  by  this  arrange¬ 
ment  the  toes  possess  their  spring,  and 
the  fingers  their  lively  movements. 
We  may  take  this  opportunity  of  no¬ 
ticing  how  the  mechanical  opposition  is 
diminished  as  the  living  muscular  power 
is  exhausted.  For  example,  in  lifting 
a  weight,  the  length  of  the  lever  of  re¬ 
sistance  will  be  from  the  centre  of  the 
elbow  joint,  A,  (Jig.  28)  to  the  centre  of 
the  weight,  B.  As  the  muscles  of  the 
arm  contract,  they  lose  something  of 
their  power ;  but  in  a  greater  propor¬ 
tion  is  the  mechanical  resistance  di¬ 
minished,  for  when  the  weight  is  raised 
to  C  A  D,  it  becomes  the  measure  of 
the  lever  of  resistance. 

A  more  admirable  thing  is  witnessed 
by  the  anatomist — we  mean  the  man¬ 
ner  in  which  the  lever,  rising  or  falling, 
is  carried  beyond  the  sphere  of  action 
of  one  class  of  muscles,  and  enters  the 
sphere  of  activity  of  others.  And  this 
adaptation  of  the  organs  of  motion  is 


finely  adjusted  to  the  mechanical  resist 
ance  which  may  arise  from  the  form  or 
motion  of  the  bones.  In  short,  whether 
we  contemplate  the  million  of  fibres 
which  constitute  one  muscle,  or  the 
many  muscles  which  combine  to  the 
movement  of  the  limb,  nothing  is  more 
surprising  and  admirable  than  the  ad¬ 
justment  of  their  power  so  as  to  balance 
mechanical  resistance,  arising  from  the 
change  of  position  of  the  levers. 

In  the  animal  body,  there  is  a  per¬ 
fect  relation  preserved  betwixt  the  parts 
of  the  same  organ.  The  muscular 
fibres  forming  what  is  termed  the  belly 
of  the  muscle,  and  the  tendon  through 
which  the  muscle  pulls,  are  two  parts 
of  one  organ :  and  the  condition  of 
the  tendon  indicates  the  state  of  the 
muscle.  Thus  jockies  discover  the 
qualities  of  a  horse  by  its  sinews  or 
tendons.  The  most  approved  form  in 
the  leg  of  the  hunter,  or  hackney,  is  that 
in  which  three  convexities  can  be  distin¬ 
guished, — the  bone ;  the  prominence  of 
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Fig.  28. 


the  elastic  ligament  behind  the  bone; 
and  behind  that  the  flexor  tendons, 
large,  round,  and  strong.  Strong  ten¬ 
dons  are  provided  for  strong  muscles, 
and  the  size  of  these  indicate  the  mus¬ 
cular  strength.  Such  muscles,  being 
powerful  flexors,  cause  high  and 
round  action,  and  such  horses  are 
safe  to  ride ;  their  feet  are  generally 
preserved  good,  owing  to  the  pressure 
they  sustain  from  their  high  action. 
But  this  excellence  in  a  horse  will  not 
make  him  a  favourite  at  Newmarket. 
The  circular  motion  cannot  be  the 
swiftest ;  a  blood-horse  carries  his  foot 
near  the  ground.  The  speed  of  a  horse 
depends  on  the  strength  of  his  loins 
and  hind  quarter  ;  and  what  is  required 
in  the  fore-legs  is  strength  of  the  ex¬ 
tensor  tendons,  so  that  the  feet  may  be 
well  thrown  out  before,  for  if  these 
tendons  be  not  strong,  the  joints  will  be 
unable  to  sustain  the  weight  of  his 
body,  when  powerfully  thrown  forward, 
by  the  exertion  of  his  hind-quarters, 
and  he  will  be  apt  to  come  with  his  nose 
to  the  ground. 

The  whole  apparatus  of  bones  and 
joints  being  thus  originally  constituted 
by  Nature  in  accurate  relation  to  the 
muscular  powers,  we  have  next  to  ob¬ 
serve,  that  this  apparatus  is  preserved 
perfect  by  exercise.  The  tendons,  the 


sheaths  in  which  they  run,  the  cross 
ligaments  by  which  they  are  restrained, 
and  the  bursts  mucoses*  which  are  in¬ 
terposed  to  diminish  friction,  can  be 
seen  in  perfection  only  when  the  animal 
machinery  has  been  kept  in  full  activity. 
In  inflammation,  and  pain,  and  neces¬ 
sary  restraint,  they  become  weak;  and 
even  confinement,  and  want  of  exercise, 
without  disease,  will  produce  imperfec¬ 
tions.  Exercise  unfolds  the  muscular 
system,  producing  a  full  bold  outline 
of  the  limbs,  at  the  same  time  that 
the  joints  are  knit,  small,  and  clean. 
In  the  loins,  thighs,  and  legs  of  a  dancer 
we  see  the  muscular  system  fully  de¬ 
veloped  ;  and  when  we  turn  our  atten¬ 
tion  to  his  puny  and  disproportioned 
arms,  we  acknowledge  the  cause — that, 
in  the  one  instance,  exercise  has  pro¬ 
duced  perfection,  and  that,  in  the  other, 
the  want  of  it  has  occasioned  deformity. 
Look  to  the  legs  of  a  poor  Irishman 
travelling  to  the  harvest  with  bare  feet : 
the  thickness  and  roundness  of  the 
calf  showr  that  the  foot  and  toes  are 
free  to  permit  the  exercise  of  the  muscles 


*  These  bursa:  mucoses  (mucous  purses)  are  sacs 
containing  a  lubricating  fluid.  They  are  interposed 
wherever  there  is  much  pressure  or  friction,  and 
answer  all  the  purposes  of  friction-wheels  in  machi¬ 
nery. 
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of  the  leg.  Look,  again,  to  the  leg  of 
our  English  peasant,  whose  foot  and 
ankle  are  tightly  laced  in  a  shoe  with  a 
wooden  sole,  and  you  will  perceive,  from 
the  manner  in  which  he  lifts  his  legs,  that 
the  play  of  the  ankle,  foot,  and  toes  are 
lost,  as  much  as  if  he  went  on  stilts, 
and,  therefore,  are  his  legs  small  and 
shapeless. 

And  this  brings  us  naturally  to  a  sub¬ 
ject  of  some  interest  at  present :  we 
mean  the  new  fashion  of  exercising  our 
youth  in  a  manner  which  is  to  supersede 
dancing,  fencing,  boxing,  rowing,  and 
cricket,  and  the  natural  impulse  of 
youth  to  activity. 

By  this  fashion  of  training  to  what 
are  termed  gymnastics,  children  at 
school  are  to  be  urged  to  feats  of  strength 
and  activity,  not  restrained  by  parental 
authority,  nor  left,  to  their  own  sense  of 
pleasurable  exertion.  They  are  made 
to  climb,  to  throw  their  limbs  over  a 
bar,  to  press  their  foot  close  to  their 
hip,  their  knees  close  to  their  stomach ; 
to  hang  by  the  arms  and  raise  the  body, 
— to  hang  by  the  feet  and  knees, — to 
struggle  against  each  other,  by  placing 
the  soles  of  their  feet  in  opposition,  and 
to  pull  with  their  hands.  No  doubt  ,  if 
such  exercises  be  persevered  in,  the 
muscular  powers  will  be  strongly  de¬ 
veloped.  But  the  first  question  to  be 
considered  is  the  safety  of  this  practice. 
We  have  seen  a  professor  of  gymnas¬ 
tics,  by  such  training,  acquire  great 
strength  and  prominence  of  muscles ; 
but  by  this  unnatural  increase  of  mus¬ 
cular  power,  through  the  exercises  he 
recommended,  he  became  ruptured  on 
both  sides.  The  same  accident  has 
happened  to  boys  too  suddenly  put  on 
these  efforts. 

It  is  proper  to  observe,  that  when 
the  muscular  power  is  thus,  we  may 
say,  preternaturally  increased,  whether 
in  the  instance  of  a  race-horse,  an 
opera-dancer,  or  a  pupil  of  the  Calis- 
thenic  school,  it  is  not  merely  necessary 
to  put  them  on  their  exercises  gradually 
in  each  successive  lesson,  but  each 
day's  exertion  must  be  preceded  by  a 
wearisome  preparation.  In  the  great 
schools,  like  that  at  Stockholm,  the 
master  makes  the  boys  walk  in  a  circle ; 
then  run,  at  first  gently ;  and  so  he  gra¬ 
dually  brings  them  into  heat,  and  the 
textures  of  their  frame  are  composed 
to  that  state  of  elasticity  and  equal  re¬ 
sistance,  as  well  as  to  vital  energy, 
which  is  necessary  for  the  safe  display 
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of  the  greater  feats  of  strength  and 
activity.  This  caution  in  the  public 
exercises  is  the  vei-y  demonstration  of 
the  dangers  of  the  system.  The  boys 
will  not  be  always  under  this  severe 
control,  and  yet  it  is  important  to  their 
safety. 


We  may  learn  how  necessary  it  is  to 
bring  the  animal  system  gradually  into 
action  from  the  effects  of  very  mode¬ 
rate  exercise  on  a  horse  just  out  of  the 
dealer's  hands.  The  purchaser  thinks 
he  may  safely  drive  him  ten  miles,  not 
aware  that  the  horse  has  not  moved  a 
mile  in  a  week,  and  the  consequence  is, 
inflammation  and  congestion  in  his 
lungs.  The  regulation  in  the  army  has 
been  made  on  a  knowledge  of  these 
facts.  When  young  horses  are  brought 
from  the  dealer  they  are  ordered  to  be 
walked  an  hour  a-day  the  first  week, 
two  hours  a-day  the  second  week,  three 
hours  a-day  in  the  third  week.  They 
are  to  be  fatigued  by  walking,  but  they 
must  not  be  sweated  in  their  exercise. 
Horses  for  the  turf,  under  three  years 
old,  in  training  for  the  Derby,  are 
brought  very  slowly  to  their  exercise, 
beginning  with  the  lounge  ;  then  a  veiy 
light  weight  is  put  upon  them,  and  that 
gradually  increased.  Indeed,  nothing- 
can  better  show  the  effects  of  exercise 
in  perfecting  the  muscular  action  than 
the  consequence  of  the  loss  of  one  day's 
training.  It  will  bring  the  favourite  to 
the  bottom  of  the  list,  and  that  without 
any  suspicion  of  lameness,  but  from  a 
knowledge  of  the  fact,  that  even  such 
a  slight  irregularity  in  his  training  will 
have  a  sensible  effect  on  his  speed. 
Shall  the  possibility  of  pecuniary  loss 
excite  the  jockey  to  more  care  for  his 
horse  than  we,  in  our  rational  and  hu¬ 
mane  attention  to  the  education  of 
our  youth,  pay  to  their  health  and 
safety  ? 


In  reflecting  on  these  many  proofs  of 
design  in  the  animal  body,  it  must  ex¬ 
cite  our  surprise  that  anatomy  is  so 
little  cultivated  by  men  of  science.  We 
crowd  to  see  a  piece  of  machineiy  or 
a  new  engine,  but  neglect  to  raise  the 
covering  which  would  display  in  the 
body  the  most  striking  proofs  of  design, 
surpassing  all  art  in  simplicity  and  ef¬ 
fectiveness,  and  without  any  tiling  use¬ 
less  or  superfluous. 


30 


ANIMAL  MECHANICS. 


A  more  important  deduction  from  the 
view  of  the  animal  structure  is,  that  our 
conceptions  of  the  perfection  and  beauty 
in  the  design  of  nature,  are  exactly  in 
proportion  to  the  extent  of  our  capa¬ 
city.  We  are  familiar  with  the  mecha¬ 
nical  powers,  and  we  recognise  the 
principles  in  the  structure  of  the  animal 
machine  ;  and  in  proportion  as  we  un¬ 
derstand  the  principles  of  hydrostatics 
and  hydraulics,  are  able  to  discern  the 
most  beautiful  adaptation  of  them  in 
the  vessels  of  an  animal  body.  But 
when,  to  our  further  progress  in  ana¬ 
tomy,  it  is  necessary  that  we  should 
study  a  matter  so  difficult  as  the  theory 
of  life,  imperfect  principles  or  wrong 
conceptions  distort  and  obscure  the  ap¬ 
pearances  :  false  and  presumptuous  the¬ 
ories  are  formed,  or  we  are  thrown  back 
in  disappointment  into  scepticism,  as  if 
chance  only  could  produce  that,  of 
which  we  do  not  comprehend  the  per¬ 
fect  arrangement.  But  studies  better 
directed,  and  prosecuted  in  a  better 
spirit  prove  that  the  human  body, 
though  deprived  of  what  gave  it  sense 
and  motion,  is  still  a  plan  drawn  in 
perfect  wisdom. 

A  man  possessed  of  that  humility 
which  is  akin  to  true  knowledge,  may 
be  depressed  by  too  extensive  a  survey 
of  the  frame  of  nature.  The  stupen¬ 
dous  changes  which  the  geologist  sur¬ 
veys — the  incomprehensible  magni¬ 
tude  of  the  heavenly  bodies  moving  in 
infinite  space,  bring  down  his  thoughts 
to  a  painful  sense  of  his  own  littleness : 
“  to  him  the  earth  with  men  upon  it, 
“  will  not  seem  much  other  than  an 
“  ant-hill,  where  some  ants  carry  corn, 
“  and  some  cany  their  young,  and  some 
“  go  empty,  and  all  to  and  fro  a  little 
“  heap  of  dust.”* 

He  is  afraid  to  think  himself  an 
object  of  Divine  care ;  but  when  he  re¬ 
gards  the  structure  of  his  own  body,  he 
learns  to  consider  space  and  magnitude 
as  nothing  to  a  Creator.  He  finds  that 
the  living  being,  which  he  was  about  to 
contemn,  in  comparison  with  the  great 
system  of  the  universe,  exists  by  the 
continuance  of  a  power,  no  less  admir¬ 
able  than  that  which  rules  the  heavenly 
bodies ;  he  sees  that  there  is  a  revolu¬ 
tion,  a  circle  of  motions  no  less  won¬ 
derful  in  his  own  frame,  in  the  micro¬ 
cosm  of  man's  body,  than  in  the  plane¬ 


tary  system  ;  that  there  ismot  a  globule 
of  blood  which  circulates,  but  possesses 
attraction  as  incomprehensible  andwon- 
derful  as  that  which  retains  the  planets 
in  their  orbits. 

The  economy  of  the  animal  body,  as 
the  economy  of  the  universe,  is  suffi¬ 
ciently  known  to  us  to  compel  us  to 
acknowledge  an  Almighty  Power  in  the 
creation.  What  would  be  the  conse¬ 
quence  of  a  further  insight — whether  it 
would  conduce  to  our  peace  or  happi¬ 
ness — whether  it  would  assist  us  in  our 
duties,  or  divert  us  from  the  perform¬ 
ance  of  them,  is  very  uncertain. 


Chapter  VII. 

Books. 

Ray,  “  On  the  Wisdom  of  God  mani¬ 
fested  in  the  Works  of  the  Creation," 
has  several  chapters  on  the  animal  eco¬ 
nomy. 

Archdeacon  Paley  has  composed  a 
work  of  high  interest,  by  taking  the 
common  anatomical  demonstrations,  and 
presenting  them  in  an  elegant  and  po¬ 
pular  form.  His  work  is  entitled  Na¬ 
tural  Theology;  or,  Evidences  of  the 
Existence  and  Attributes  of  the  Deity, 
collected  from  the  Appearances  of  Na 
ture. 

The  celebrated  Fenelon  has,  with  the 
same  pious  object,  composed  a  small 
duodecimo,  in  which  he  draws  his  ar¬ 
guments  from  the  structure  of  animal 
bodies. 

Wollaston,  in  the  “  Religion  of  N ature 
delineated,”  has  the  same  train  of  reflec¬ 
tion  to  prove  that  there  can  be  no  such 
thing  as  chance  operating  in  and  about 
what  we  see  or  feel ;  and  he  says,  with 
great  propriety,  “  How  may  a  man  qua¬ 
lify  himself  so  as  to  be  able  to  judge  of 
the  religions  professed  in  the  world ;  to 
settle  his  own  opinions  in  disputable 
matters ;  and  then  to  enjoy  tranquillity 
of  mind,  neither  disturbing  others,  nor 
being  disturbed  at  what  passes  among 
them  ?’’ 

Derham,  in  sixteen  sermons,  preach¬ 
ed  in  1711,  at  the  lecture  founded 
by  Mr.  Boyle,  treats  at  length  of 'the 
structure  of  our  organs.  These  are  also 
published,  separately,  under  the  title  of 
Physico- Theology ;  and  they  naturally 
suggest  to  learned  divines,  the  expe¬ 
diency  of  sometimes  expounding  to  then- 
hearers  the  evidences  of  design  appa. 


•  Bacon. 
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rent  in  the  universe,  as  a  sure  means  of 
enlightening  their  understandings,  ele¬ 
vating  their  views,  and  awakening  then- 
piety. 

This  cultivation  of  the  mind,  by  ex¬ 
ercising  it  upon  the  study  of  proper 
objects,  is  a  man's  first  duty  to  himself. 
Without  it,  he  can  have  no  steady  opi¬ 
nion  on  points  of  the  nearest  concern. 


He  is  wrought  upon  by  circumstances 
which  ought  not  to  sway  the  mind  of 
a  sensible  man ;  at  one  time  depressed 
to  the  depths  of  despondency,  and,  at 
another,  exalted  into  unreasonable  en¬ 
thusiasm.  Without  such  cultivation, 
were  a  man  to  live  a  hundred  years, 
he  is  at  last  like  one  cut  off  in  in¬ 
fancy. 


ANIMAL  MECHANICS, 

OR, 

PROOFS  OF  DESIGN  IN  THE  ANIMAL  FRAME, 


PART  II. 

SHOWING  THE  APPLICATION  OF  THE  LIVING  FORCES 


Amongst  the  least  informed  people,  and 
in  remote  villages,  there  are  old  saws 
and  rules  regarding  health,  sickness, 
and  wounds,  which  might  be  thought  to 
come  from  mere  experience  ;  but  they 
are,  on  the  contrary,  for  the  most  part, 
the  remains  of  forgotten  theories  [and 
opinions,  laid  down  by  the  learned  of 
former  days.  Portions  of  knowledge,  it 
would  appear,  confined  at  first  to  a  se¬ 
lect  part  of  society,  are,  in  the  progress 
of  time,  diffused  generally,  and  may 
be  recognised  in  the  aphorisms  of  the 
poor.  These  are  traced  to  their  source 
only  by  the  curious  few,  who  like  to 
read  old  books,  and  to  observe  how  that 
which  is  originally  right,  becomes, 
through  prejudice  and  ignorance,  dis¬ 
torted  and  fantastical. 

If  a  very  little  exact  knowledge  of  the 
structure  of  our  own  frames  w'ere  more 
generally  diffused,  charity  would  be  ad¬ 
vanced,  empirics  could  hardly  maintain 
their  influence,  and  medical  men  might 
have  a  farther  motive  to  desire  profes¬ 
sional  eminence. 

Men  suppose  that  the  knowledge  of 
their  own  bodies  must  be  a  science 
locked  up  from  them,  because  of  the 
language  in  which  it  is  conveyed ;  or  they 
take  away  their  thoughts  from  it,  as 
from  the  contemplation  of  danger,  un¬ 
willing  to  survey  the  slight  ties  by  which 
they  hold  their  lives.  They  are  like 
persons  for  the  first  time  at  sea,  who 
shudder  to  calculate  how  many  circum¬ 
stances  must  concur  to  speed  the  frail 
vessel  on  its  voyage,  and  how  little  is 
between  them  and  the  deep.  It  is  then 
a  mean  and  timid  spirit  that  shuts  out 
from  our  contemplation  the  finest  proofs 
of  Divine  Providence.  Galen's  treatise 
on  the  uses  of  the  parts  of  the  human 
body,  was  composed  as  a  hymn  to  the 


Creator,  and  abounds  in  demonstrations 
of  a  Supreme  Cause  ;  and  when  Cicero 
desires  to  prove  the  existence  of  the 
Deity  from  the  order  and  beauty  of  the 
universe,  he  surveys  the  body  of  man, 
deeming  nothing  more  godlike,  as  mark¬ 
ing  man's  superiority  to  the  brutes,  than 
the  privilege  of  contemplating  his  own 
condition,  since  it  teaches  him  the  ways 
of  providence,  from  a  knowledge  of 
which  come  piety  and  all  the  virtues. 

Although  we  are  writing  under  the 
title  of  Animal  Mechanics,  the  reader 
must  be  aware  that  we  cannot  proceed 
much  farther,  on  mechanical  principles 
alone.  At  least,  before  we  have  it  in 
our  power  to  illustrate  particular  parts 
of  the  animal  frame,  by  reference  to 
those  principles,  we  must  have  the  proofs 
before  us  that  we  are  considering  a 
living  body.  It  is  the  principle  of  life 
which  distinguishes  the  studies  of  the 
physiologist  from  the  other  branches 
of  natural  knowledge.  To  lose  sight 
of  this  distinction,  is  to  tread  back 
the  path,  and  to  engage  once  more 
in  the  vain  endeavour  to  explain  the 
phenomena  of  life  on  mechanical  prin¬ 
ciples.  We  have  taken  mechanics  in 
their  application  to  mechanical  struc¬ 
ture  in  the  living  body,  because  they 
give  obvious  proofs  of  design,  and 
in  a  manner  that  admits  of  no  cavil. 
Yet,  although  those  proofs  are  very  clear 
in  themselves,  they  are  not  so  well  cal¬ 
culated  to  warm  and  exalt  our  senti¬ 
ments,  as  these  which  we  have  now  to 
offer,  in  taking  a  wider  view  of  the 
animal  economy. 

In  entering  on  the  second  department 
of  this  treatise,  the  reader  may  be  startled 
at  the  subjects  of  discussion  ;  but  this 
comes  also  from  ignorance  of  their 
nature.  Much  may  be  learned  from  the 
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observation'  of  things  familiar.  Their 
perpetual  recurrence  banishes  reflec¬ 
tion  respecting  them,  but  it  is  the  busi¬ 
ness  of  philosophy  to  make  us  alive  to 
the  importance  of  that  which  we  have 
been  accustomed  to  from  childhood, 
and  have,  therefore,  long  ceased  to  ob¬ 
serve  with  attention. 

In  the  first  chapter  of  this  second 
part  we  shall  continue  to  examine  the 
operations  of  the  animal  body,  inde¬ 
pendently  of  the  agency  of  the  living  pro¬ 
perty.  We  shall  consider  it  as  a  mere  hy¬ 
draulic  machine.  Following  the  blood 
in  its  circle  through  cisterns  and  conduit 
pipes,  we  shall  point  out  the  application 
of  the  principles  of  this  science,  as  we 
formerly  did  those  of  mechanics,  and  so 
arrive  at  the  like  conclusions  by  a  dif¬ 
ferent  course.  And  as  we  before  found 
every  muscular  fibre  adjusted  with  me¬ 
chanical  precision,  so  now  we  shall  find 
every  branch  of  an  artery,  or  of  a  vein, 
taking  that  precise  course  and  direction 
which  the  experience  of  the  engineer 
shows  to  be  necessary  in  laying  the 
pipes  of  an  engine. 

Having  thus  surveyed  the  mechanical 
operations  of  the  animal  body,  and  the 
course  of  the  fluids  conveyed  through  it, 
on  hydraulic  principles,  we  shall  con¬ 
sider  ourselves  as  having  advanced 
through  the  meaner  to  the  higher  objects 
of  inquiry,  and  proceed  to  show  how 
the  principle  of  life  bestows  different 
endowments  on  the  framework;  how 
motion  originates  in  a  manner  quite  dif¬ 
ferent  from  that  produced  by  mechani¬ 
cal  forces ;  how  the  sensibilities  ani¬ 
mate  the  living  properties  of  action ; 
how  the  different  endowments  of  life 
correspond  with  each  other,  and  exhibit 
power  and  design  in  a  degree  far  su¬ 
perior  to  any  thing  that  we  observed  in 
the  mechanical  adjustment  of  the  parts, 
or  the  circulation  of  the  fluids. 

Chapter  I 

The  circulation  of  the  blood,  upon  the 
principles  of  hydraulics. 

In  tracing  the  course  of  the  circulation 
of  the  blood,  it  is  natural  to  inquire 
how  far  the  system  of  reservoirs,  pipes, 
and  valves,  which  form  the  apparatus 
for  conveying  it,  are  constructed  on  the 
principles  of  hydraulics. 

We  find  this  difficulty  in  the  outset, 
that  the  vessels  containing  the  blood  are 
not  rigid,  like  those  the  engineer  em¬ 
ploys  m  erecting  hydraulic  machinery. 


Instead  of  resembling  pipes  which  con¬ 
vey  water,  and  which  receive  the  force 
of  gravitation  on  them,  they  have  both 
elasticity  and  an  appropriate  living 
power.  The  artery,  the  tube  which  con¬ 
veys  the  blood  out  from  the  heart  to  the 
body,  has  a  property  of  action  in  itself. 
Its  elasticity  and  muscular  power  must 
derange  those  influences  which  we  study 
in  pure  hydraulics. 

There  is  to  be  found,  notwithstanding, 
a  great  deal  that  is  common  to  both, 
when  we  compare  the  tubes  of  an 
animal  body  with  the  hydraulic  engine  ; 
the  capacity  of  the  vessels  ;  the  increase, 
or  diminution,  of  their  calibres;  then- 
curves  ;  the  direction  of  their  branches  ; 
— all  these  ought  still  to  be  on  the  same 
principles  on  which  experience  has  taught 
men  to  form  conduit  pipes.  We  ought 
not  to  be  indifferent  to  these  proofs  of 
design,  because  we  acknowledge  that  an 
infinitely  superior  power  is  brought  into 
operation  in  the  animal  body,  and  which 
is  necessary  to  the  circulation  of  the 
blood.  It  renders  the  inquiry  more  dif¬ 
ficult,  but  it  does  not  obscure  the  infer¬ 
ences  drawn  from  the  consideration  of 
the  whole  subject. 

We  shall  first  present  to  our  readers 
the  simplest  form  of  the  Heart.  It  is  not 
necessary  to  detail  the  more  complicat¬ 
ed  structure  of  the  human  heart,  where, 
in  fact,  two  hearts  are  combined  ;  the 
fibres  of  the  one  continued  into  the  fibres 
of  the  other,  and  the  tubes  twisting 
round  one  another  so  as  to  present  the 
form  which  is  familiar  to  every  body. 
Although  there  are  four  intricate  cavities, 
seven  tubes  conveying  the  blood  into 
them,  and  two  conveying  it  out  of  them, 
we  shall,  for  the  purpose  of  considering 
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the  forces  circulating  the  blood,  and  com¬ 
paring  the  living  vessels  with  pipes, 
present  the  heart  and  vessels  as  simple ; 

et  with  perfect  truth,  being,  in  fact,  the 

eart  and  vessels  of  animals  of  more 
simple  structure. 

The  action  of  the  heart  is  this :  the 
blood  returns  from  the  body  by  veins  into 
the  sinus,  or  auricle,*  A,  and  distends  it ; 
this  sinus  is  surrounded  with  muscular 
fibres  ;  by  the  distention  or  elongation 
of  these  fibres  they  are  excited,  and  the 
sinus  contracts  and  propels  the  blood 
into  the  ventricle,  B.  The  ventricle  is 
more  muscular ;  it  is,  in  fact,  a  power¬ 
ful  hollow  muscle ;  it  is  excited  by  the 
distention,  and  contracts  and  propels 
the  blood  into  the  artery,  C. 

We  understand  then  that  every  heart 
must,  at  least,  consist  of  two  cavities 
alternating  in  their  action ;  that  the 
vessel  which  carries  the  blood  to  them  is 
called  a  vein ;  and  that  the  vessel  which 
carries  the  blood  out  from  them  is  the 
artery. 

The  first  thing  that  strikes  a  person 
examining  the  heart  is  the  extraordinary 
intricacy  of  the  cavities,  from  the  inter¬ 
lacing  of  its  muscular  fibres,  and.he  na¬ 
turally  says  that  they  appear  ill  calcu¬ 
lated  for  conveying  a  fluid  through  them. 
There  is  an  attraction  between  fluids 
and  solids,  he  might  observe,  and  this 
attraction  is  increased  by  the  extension 
of  the  surfaces  of  the  pillars  and  cords 
which  he  sees  in  the  interior  of  the 
heart. 

We  must  remind  him  that  the  blood  is 
coming  back  from  the  body,  having  per¬ 
formed  very  different  offices,  in  different 
parts,  and  has  parted  with  different  pro¬ 
perties,  in  the  several  organs  it  has  sup¬ 
plied.  There  is  in  that  stream  of  blood 
which  enters  through  the  vein  a  new 
supply  of  fluid  which  has  come  by  di¬ 
gestion,  the  material  for  making  fresh 
blood,  as  well  as  that  which  has  run 
the  circle.  These  two  fluids  must  be 
thoroughly  mixed  together,  and,  no 
doubt,  this  is  one  of  the  offices  provided 
for  by  the  intricacy  of  the  interior  of  the 
heart. 

Again,  looking  to  the  recesses  of  the 
cavities  formed  between  the  fleshy 
columns,  and  behind  the  valves,  we 
might  suppose  that  the  blood  would  re¬ 
main  there  stagnant.  There  are  cavi¬ 
ties  or  recesses  too  in  the  remote  parts 
of  the  circulating  vessels,  where  we 

*  Auricle,  from  auricula ,  the  flap  of  the  ear,  is  a 
came  given  to  the  sinus,  because  a  corner  of  it  hangs 
over  like  &  dog's  ear, 


might  suspect  that  the  influence  of  the 
stream  would  not  be  felt,  and  a  stagna¬ 
tion  might  take  place.  But  there  is  at¬ 
traction  between  the  particles  of  fluids 
as  well  as  between  the  fluids  and  their 
containing  tubes.  Let  us  see  then  how, 
in  this  figure,  a  stream  of  water  carried 
through  a  cistern  of  water  will,  by  its 
friction,  draw  after  it  the  water  in  the 
cistern,  anfi  carry  it  above  its  natural 
level,  and  over  the  side  of  the  vessel. 


Fig.  2/ 


The  stream  entering  the  reservoir,  A, 
by  the  pipe,  B,  carries  with  it  all  the 
water,  C,  which  stands  above  the  level  of 
its  upper  surface.  By  this  we  see  that 
the  stream  of  blood  entering  into  the 
heart,  even  if  its  cavities  were  not  emp¬ 
tied  at  each  pulse,  as  some  contend  they 
are,  would  draw  out  the  blood  from  its 
recesses,  so  that  no  part  could  remain, 
stagnant,  but,  on  the  contrary,  all  would 
be  carried  in  eddies  round  the  irregula¬ 
rities  until  they  took  the  direction  of 
the  great  artery,  in  which  they  would  be 
perfectly  combined. 

The  next  thing  to  be  noticed  partakes 
of  the  nature  of  a  mechanical  provision 
— we  mean  the  action  of  the  valves. 

We  must  here  remark,  that  the  open¬ 
ing  into  the  ventricle  is  very  different 
from  that  which  leads  out  of  it — the 
latter  being  much  smaller.  Medical 
writers  describe  this  as  if  it  were  nothing 
to  them,  and  a  mere  accident.  But  it 
must  he  recollected,  that  a  stream  of 
water  entering  a  reservoir,  is  in  a  very 
different  condition  from  that  which  is 
going  out  of  it ;  it  is  on  this  principle 
that  the  mouths  ( ostia  is  the  anatomical 
term)  of  the  ventricle  are  differently 
formed,  and  it  is  this  difference,  which 
makes  the  structure  of  the  valves  which 
guard  those  passages  so  dissimilar  and  so 
appropriate.  Without  attention  to  this, 
we  should  follow  our  medical  authorities, 
and  call  this  variety  in  the_  mechanical 
adaptation  a  mere  playfulness  in  nature. 
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It  is  more  agreeable  to  us,  to  see  a  pre¬ 
cision  of  design  visible  at  the  first  step 
of  this  inquiry. 

The  valves  of  the  heart  are  regular 
flood-gates  which  close  the  openings 
against  the  retrograde  motions  of  the 
blood.  They  are  not  all  of  the  same 
mechanical  construction ;  and  their  dif¬ 
ference  deserves  the  reader's  attention 
as  proving  design  in  this  hydraulic  ma¬ 
chinery. 

The  valve  which  we  have  first  to  de¬ 
scribe,  closes  the  opening  betwixt  the 
auricle  or  sinus,  and  the  ventricle,  and 
prevents  the  action  of  the  ventricle  pro¬ 
pelling  the  blood  back  again  into  the 
auricle. 

It  is  a  web  or  membrane,  resembling 
a  sail,  when  bagged  by  the  wind.  The 
blood  catches  the  margin  of  this  mem¬ 
brane,  and  distends  it  as  the  wind  does 
the  stay-sail,  or  gib,  of  a  vessel,  which  it 
much  resembles,  being  triangular  and 
pointed.  There  are  three  of  these  mem¬ 
branes,  and  the  valve  is  called  tri¬ 
cuspid,  or  three-pointed.  Three  mem* 
Fig.  3. 


branes  then,  of  this  kind,  combining  and 
being  floated  back  upon  the  mouth  of 
the  opening,  effectually  close  it. 

The  illustration  of  the  action  of  these 
valves  by  a  sail,  is  so  perfect,  that  if  the 
reader  will  have  patience  to  attend  to 
those  little  contrivances  which  the  ma¬ 
riner  finds  necessary  for  strengthening 
his  canvass,  and  giving  to  it  the  full  influ¬ 
ence  of  the  wind,  he  will  have  an  accurate 
idea  of  the  adjustment  of  these  floating 
valves. 

To  carry  on  the  comparison — one 
edge  of  the  stay-sail  is  extended  upon 
the  stay  A  A,  and  tied  to  it  by  hanks. 
The  edges  of  the  sails  called  the  leeches , 


have  a  bolt-rope  run  along  them  ;  and 
on  the  edge  where  it  is  attached,  the  can¬ 
vass  is  strengthened  by  being  hemmed 
down  or  tabled.  In  the  same  way  as 
the  foot  of  the  sail,  or  lower  margin,  is 
strengthened  with  the  bolt-rope,  just  so 
are  the  valves  strengthened  at  their  edges 
and  their  comers.  Where  the  two  ropes 
join  in  the  loose  corner  of  the  sail,  they 
form  a  clue — a  loop  to  which  tackle  is 
attached ;  the  valve  has  such  a  corner, 
so  strengthened,  andhasacord  attached. 
The  corners  of  the  sail  are  strength¬ 
ened  by  additional  portions  of  canvass 
called  patches ;  so  are  the  valves 
strengthened  where  their  tendons  are 
infixed.  To  the  corner  or  clue,  B,  ropes 
are  attached  which  are  called  the  sheets, 
C  C,  These  being  drawn  tight,  spread 
out  the  foot  of  the  sail  to  one  side  or  the 
other,  according  to  the  direction  of  the 
wind,  and  the  tack  the  ship  is  on ;  the 
valves  have  also  their  tackle ;  and,  in 
short,  we  shall  find  a  resemblance  to  all 
the  parts  of  a  sail  in  the  valves  of  the 
heart. 

Fig.  4. 


A 


One  edge  of  the  triangular  valve  is 
tied  to  the  margin  of  the  opening,  as  one 
of  the  leeches  of  the  sail  is  attached  to 
the  stay;  the  opposite  corner  is  loose, 
and  floats,  as  the  sail  does  in  tacking, 
until  the  blood,  bearing  against  it  as  the 
wind  bears  against  the  sail,  bags  and 
distends  it ;  the  corner  is  then  held  down 
by  tendons,  for  there  are  cords  attached 
to  the  corner  of  the  valve,  as  well  as  to 
the  corner  of  the  sail.  These  the  ana¬ 
tomist  calls  cor  dee  tendinece,  B  B,  which 
in  their  office  have  an  exact  resemblance 
to  the  ropes  called  the  sheets  of  the  sail. 
They  are  delicate  tendons  attached  to 
the  margin  of  the  valve,  and  they  pre¬ 
vent  the  margin  from  being  carried  back 
into  the  auricle. 
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Here  we  find  a  very  beautiful  mus¬ 
cular  apparatus  which  is  necessary  to 
the  perfect  adjustment  of  these  cords. 
The  cords  are  attached  to  small  muscles 
called  columnce  carnece,  C  C,  or  fleshy 
columns,  which  at  their  other  extremi¬ 
ties  are  incorporated  with  the  muscu¬ 
lar  wall  of  the  ventricle  itself.  The 
use  of  these  muscles  is  now  to  be 
explained.  Had1  the  tendinous  cords 
of  the  valves  been  tied  to  the  inside  of 
the  wall  of  the  ventricle,  without  the 
intervention  of  these  muscles,  as  the 
walls  of  the  cavity  approach  each  other 
during  their  contraction,  the  tendinous 
cords  would  have  been  let  loose,  and  the 
margins  of  the  valves  carried  back  into 
the  auricle.  But  by  the  intervention 
of  these  muscles,  they  are  pulled  upon 
and  shortened  in  proportion  as  the  sides 
of  the  cavity  approach  each  other. 

On  the  whole,  then,  we  perceive,  that 
this  apparatus,  which  is  as  intricate  as 
the  rigging  of  a  ship,  consists  of  a  va¬ 
riety  of  fleshy  columns  and  cords,  many 
of  which,  in  fact,  run  across  the  cavity  of 
the  ventricle. 

We  are  about  to  exhibit  another  form 
of  a  valve,  much  simpler,  and  yet  we 
are  bound  to  believe  equally  effectual ; 
which  tends  to  support  the  opinion  ex¬ 
pressed  above,  that  besides  preventing 
the  retrograde  motion  of  the  blood,  this 
intricate  apparatus  of  the  ventricle  is 
intended  more  effectually  to  agitate  and 
to  mix  the  different  streams. 

At  the  root  or  origin  of  the  great 
artery,  called  the  Aorta,  there  is  a  firm 
ring  to  which  the  valves  now  to  be  de¬ 
scribed  are  attached.  The  necessity  of 
this  will  appear  evident,  since,  if  the  ring 
could  be  stretched  by  the  force  of  the 
heart's  action,  the  valves  or  flood-gates 
would  not  be  sufficient  to  close  the  pas¬ 
sage;  their  conjoined  diameters  would 
not  equal  that  of  the  artery  which  they 
have  to  close.  These  valves  are  three 
in  number:  they  are  little  half-moon 
shaped  bags  of  thin  membrane,  which 
are  thrown  up  by  the  blood  passing  out 
from  the  ventricle,  but  by  the  slightest 
retrograde  movement  of  the  blood  their 
margins  are  caught,  and  then,  being  dis¬ 
tended  or  bagged,  they  fall  together,  and 
close  the  passage.  There  are  some 
curious  little  adjuncts  to  these  valves, 
which  ought  to  be  explained,  as  show¬ 
ing  the  accuracy  of  the  mechanical  pro¬ 
vision. 

When  the  margin  of  the  valve'  is 
thrown  up  by  the  blood  passing  out  of 
the  heart,  it  is  not  permitted  to  touch 


Fig.  5, 


or  fall  flat  upon  the  side  of  the  artery, 
for  if  it  did,  it  would  not  be  readily 
caught  up  by  the  blood  that  flows  back  ; 
there  is  therefore  a  little  dilatation  of 
the  coats  of  the  artery  behind  each  valve 
by  which,  although  the  margins  of  the 
valve  be  distended  to  the  full  circle,  they 
never  cling  to  the  coats.  These  valves, 
then,  are  never  permitted  to  fall  against 
the  coats  of  the  artery,  and  therefore 
they  are  always  prepared  to  receive  the 
motion  of  the  refluent  blood. 


Fig.  6. 


Let  this  figure  represent  a  transverse 
section  of  the  root  of  the  aorta,  A  A,  the 
inner  circle,  is  the  margin  of  the  three 
valves  thrown  up  to  let  the  blood  pass. 
B  B  B  are  three  semicircular  bags 
formed  by  the  dilatation  of  the  coats  of 
the  artery  at  this  part,  receding  from 
the  margin  of  each  of  the  valves — con¬ 
sequently,  in  such  a  manner  as  to  leave 
a  space  between  the  valves  and  the  sides 
of  the  vessel. 

To  strengthen  the  valves,  a  tendon 
runs  along  their  margin  like  the  bolt- 
rope  or  foot-rope  along  the  edge  of  a 
sail,  and  these  ligaments  are  attached  to 
the  side  of  the  artery,  and  give  the  valve 
great  strength. 
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These  valves,  we  have  said,  are  semi¬ 
lunar,  consequently,  when  they  fall  to¬ 
gether,  there  must  be  a  space,  A,  left  be¬ 
tween  them.  If  we  put  the  points  of  the 
thumb,  fore  and  middle  fingers,  toge¬ 
ther,  there  is  a  triangular  space  left 
between  them  ;  such  a  space  between 
the  convexities  of  the  three  valves  would 
be  a  defect. 


Fig.  8.* 


Three  little  bodies  like  tongues  are 
therefore  attached  to  the  middle  of  the 
margin  of  each  valve,  and  these  falling 
together,  when  the  valve  is  shut  down, 
perfect  the  septum  and  prevent  a  drop 
of  blood  passing  backwards. 

The  valves  have  no  power  of  acce¬ 
lerating  the  motion  of  the  blood  ;  they 
only  prevent  its  retrograde  motion,  and 
cause  the  whole  power  of  the  heart  to  be 
employed  in  directing  the  blood  for¬ 
wards  in  the  course  of  the  circulation. 
But  when  they  are  ruptured,  when  the 
valve  first  described  is  rent,  or  the  cordee 
tendinese  are  broken, then  the  membrane, 
which  we  have  said  is  like  a  sail,  is  car¬ 
ried  back  from  the  second  into  the  first 
cavity.  It  is  like  the  sail  tom  from  the 
sheets  and  flying  out  before  the  wind : 
the  effect  is  terrible :  the  pulse  of  the 
heart,  the  whole  force  of  which  should 
be  given  to  carry  the  blood  forwards  in 
the  arteries,  has  half  its  force  directed 
backwards  upon  the  veins. 

In  the  same  manner  the  semilunar 
valves  in  the  root  of  the  aorta  may  have 
their  margins  torn.  We  have  described 


*  Fig.  8  represents  the  artery  open,  and  the  serai- 
linar  valves,  like  little  bags,  attached  to  the  inside. 


the  margin  of  these  valves  to  be  strength¬ 
ened  by  a  tendon  or  cord  run  along  their 
edge,  like  the  rope  which  is  sewed  to 
the  edge  of  a  sail.  There  is  an  obvious 
intention  in  strengthening  the  valve  here ; 
but  when  textures  of  this  kind  become 
impaired  in  the  human  frame,  this  may 
give  way  and  be  torn,  and  then  the  re¬ 
action  of  the  artery,  when  the  heart  has 
given  its  stroke,  is  lost ;  for,  instead  of 
impelling  the  blood  forwards,  the  blood 
runs  backwards  into  the  heart.  The  effect 
of  these  accidents  is  extreme  debility  of 
circulation,  with  symptoms  varied  ac¬ 
cording  as  the  defect  falls  on  the  circu¬ 
lation  through  the  lungs  or  through  the 
body — that  is,  whether  on  the  right  or 
the  left  heart  of  man.  But  such  accidents 
are  rare,  and  never  take  place  until  dis¬ 
ease  has  impaired  the  strength  of  what 
we  may  call  the  tackle  of  the  valve. 

The  next  remark  is  founded  more  di- 
-eetly  on  the  hydraulic  principle. 

This  ring  and  these  valves  at  the  be¬ 
ginning  of  the  great  artery — imply  a 
certain  constriction,  or  diminution  of 
the  tube  at  this  part ;  and  we  have  now 
to  show — that  such  a  contraction  of  the 
tube  at  this  precise  part  does  not  dimi¬ 
nish  the  diameter  of  the  column  of 
blood.  This  appears  an  inconsistency ; 
but  if  a  stream  of  water  flow  from  a 
cistern,  through  a  hole  in  that  cistern, 
the  column  of  water  will  be  diminished 
at  a  certain  point  of  its  exit. 

Fig.  9. 


The  water  flowing  through  the  bottom 
of  the  cistern  may  be  represented  by  con¬ 
verging  lines ;  and  their  united  .forces 
impelling  the  stream  forward,  contract  it 
just  beyond  the  exit — the  Vena  Con- 
tracta.  Nature,  taking  advantage  of 
this  law,  has  constructed  the  narrow 
ring  which  we  have  shown  is  necessary 
to  the  accurate  adjustment  of  the  valve, 
at  the  precise  part  where  the  blood,  is¬ 
suing  from  the  cavity  of  the  ventricle,  is 
necessarily  contracted  to  the  smallest 
space.  The  column  of  blood  would  be 
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contracted  at  this  point,  even  if  there  were 
no  coats  of  the  artery  to  confine  it  there. 

We  had  thought  of  this  as  a  thing 
indicated  by  reasoning,  but  we  find  that 
an  appropriate  experiment  has  been 
made  which  proves  it. 


Fig.  10. 


A  being  the  side  of  a  reservoir,  and 
B  a  short  tube  giving  issue  to  the 
water,  it  will  deliver  as  much  water  by 
this  conical  constructed  mouth,  as  if  the 
tube  were  of  equal  diameter  with  the 
hole  in  the  reservoir.  The  reader  will 
perceive  how  satisfactorily  this  indicates 
what  is  designed  by  the  difference  in 
the  size  of  the  mouth  of  the  ventricle 
which  gives  entrance,  and  that  which 
gives  issue  to  the  blood. 

With  a  view  to  explain  the  motion  of 
fluids  in  tubes,  and  finally  the  motion  of 

Fig.  11. 


the  blood  in  the  blood-vessels,  let  us 
consider  what  takes  place  in  the  motion 
of  the  column  of  water  which  is  not 
contained  in  a  tube, 


When  water  is  poured  out,  and  de¬ 
scends  in  an  uninterrupted  stream,  the 
column  contracts  as  it  descends,  until  it 
has  acquired  such  a  velocity,  that  the 
atmosphere  opposes  it  and  scatters  it ; 
we  do  not  mean  the  contraction  illus¬ 
trated  by  fig.  9,  but  that  gradual  dimi¬ 
nution  of  the  diameter  of  the  stream, 
owing  to  the  height  from  which  it  falls. 
We  apprehend  that  this  is  on  the  prin¬ 
ciple,  that  falling  bodies  are  accele¬ 
rated  as  the  square  root  of  the  height 
from  which  they  fall.  The  stream  being 
more  rapid  at  its  lower  part,  is  neces¬ 
sarily  smaller  in  diameter,  until  having 
acquired  considerable  velocity,  the  re¬ 
sistance  of  the  atmosphere  separates  its 
filaments,  and  it  becomes  broader  again. 

A  very  different  appearance  is  pre¬ 
sented  in  a  jet  d'eau ;  here  the  ascending 
stream  widens  as  it  ascends.  The  ex¬ 
planation  of  this  we  conceive  to  be,  that 
the  fluid  is  retarded  as  it  mounts,  and 
that  the  stream  propelled  from  below 
is  forced  between  the  filaments*  of  the 
column  above,  and  disperses  them,  so 
as  to  give  the  column  a  conical  form. 


This  reservoir  will  be  emptied  more 
rapidly  if,  instead  of  a  hole  in  the  bot¬ 
tom  at  A,  the  water  be  discharged  by  a 
tube,  A  B,  of  the  diameter  of  the  hole. — 
Here  the  column  of  water  being  per¬ 
pendicular,  it  will  be  accelerated  at  its 
lower  part ;  but  instead  of  diminishing 
its  diameter,  as  it  would  do,  if  not  con¬ 
fined  by  a  tube,  it  will  draw  an  addi¬ 
tional  volume  of  water  down,  and  ac¬ 
celerate  the  discharge. 

It  will  be  very  different  if  the  force  be 
altogether  from  behind,  as  when  water 
is  propelled  into  a  horizontal  tube. 

The  tube  A  being  conical,  will  dis¬ 
charge  more  fluid  from  the  reservoir  B 

*  Those  who  treat  of  hydraulics  divide  a  cohimn 
of  water  into  ideal  lesser  columns,  which  they  call 
filaments,  with  a  very  differe.it  meaning  from  the 
fibres  of  the  anatomist. 
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Fig.  13. 


than  if  it  had  been  of  equal  length,  and 
its  diameter  throughout  the  same  as 
at  its  commencement.  Because,  as  it 
appears  to  us,  the  weight  of  the  de¬ 
scending  column  being  the  force,  and 
this  operating  as  a  vis  a  tergo,  it  is  like 
the  water  propelled  from  the  jet  d’eau, 
and  the  gradual  expansion  of  the  tube 
permits  the  stream  from  behind  to  force 
itself  between  the  filaments,  and  dis¬ 
perses  them,  without  producing  that 
pressure  on  the  sides  of  the  tube,  winch 
must  take  place  where  it  is  of  uniform 
calibre.  These  principles  will  give  great 
interest  to  the  following  fact. 

The  celebrated  John  Hunter  took 
great  pains  to  prove  that  the  artery  had 
its  diameter  enlarged  as  it  proceeded 
from  the  heart,  and  that  the  areas  of 
the  branches  of  an  artery  w'ere  greater 
than  the  diameter  of  the  parent  trunk. 

That  is  to  say,  the  section  of  the 
trunk  at  A,  was  not  so  great  as  the  two 
sections  at  B,  taken  together ;  that  the 

Fig.  14. 


two  sections  at  B  taken  together,  were 
not  so  great  as  the  four  sections  at  C  ; 
that  the  conjoined  diameters,  therefore,  of 
the  branches  of  an  artery  were  greater 
than  the  diameters  of  the  artery  itself. 
This  fact  has  been  sometimes  expressed 
by  saying  that  the  artery  was  a  cone 
with  its  apex  in  the  heart. 

When  we  stand  by  a  rapid  river,  we 
can  perceive  that  the  surface  of  it  is  not 
level.  The  stream  is  rapid  in  the  middle, 
and  there  the  water  is  highest.  The  fric¬ 
tion  of  the  water  against  the  bottom  and 
the  sides,  retards  the  stream,  whilst  the 
greater  velocity  of  the  current  in  the 
centre,  draws  the  water  to  it,  which  is 
the  reason  of  its  elevation  there. 

For  the  same  reason,  if  an  engineer 
estimate  the  quantity  of  fluid  to  be  de 
livered  througn  a  tube  without  esti¬ 
mating  the  friction  of  the  sides,  he  will 
be  disappointed  in  the  result  of  his  cal¬ 
culation  ;  for,  as  the  water  of  the  river  is 
delayed  by  the  bottom  and  sides,  so 
is  the  fluid  in  the  tube  retarded,  by 

Fig.  15. 


the  attraction  or  friction  between  the 
water  and  the  tube.  And,  if  we  can 
imagine  a  section  representing  the  tube 
and  the  flowing  water,  A  will  be  the 
solid  tube,  B  the  water  retarded  or  ar¬ 
rested  by  the  friction  against  the  tube, 
and  the  space  C,  within  the  inner  circle, 
would  represent  that  part  of  the  stream 
which  is  in  uninterrupted  flow.  The  en¬ 
gineer  will  therefore  lay  a  tube  larger 
than  would  be  necessary,  were  there 
neither  attraction  nor  friction  between 
the  solid  and  fluid.  It  must  farther 
appear  that  the  smaller  the  calibre  of 
the  tube,  the  surface  of  attraction  or 
friction  will  be  proportionally  greater. 
Does  not  this  explain  the  anatomical 
fact  which  we  have  been  contemplating, 
that  the  area  of  the  smaller  branches 
is  comparatively  larger  than  the  trunk 
from  which  they  are  derived  ? 

Two  beneficial  effects  result  from 
this ;  for  we  must  observe  that  the 
blood-vessels  of  the  body  are  reservoirs 
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as  well  as  conduit-pipes.  A  man  of 
middling  stature  has  33  lbs.  of  blood  in 
his  circulating  vessels :  if  the  vessels 
did  not  enlarge  as  they  receded  from  the 
heart,  there  would  be  no  place  for  the 
deposit  of  this  great  quantity  of  blood. 
The  advantages,  then,  of  this  parti¬ 
cular  form  ar e,  first,  that  a  quantity  of 
blood  necessary  to  the  economy  is  con¬ 
tained  within  the  vessels;  and,  secondly, 
that  the  blood  is  more  easily  urged  for¬ 
wards  by  the  action  of  the  heart.  The 
reader  will  not  now  be  surprised  in 
learning,  that  a  pipe  of  a  conical 
form,  that  is,  enlarging  as  it  proceeds, 
gives  the  least  interruption  to  the  flow  of 
water  from  a  reservoir. 

Water  flowing  in  a  tube  will  be  re¬ 
tarded  by  any  sudden  angle  in  the  tube. 
If  the  ajutage  of  a  jet  d'eau  have  not  a 
gentle  and  uniform  sweep  where  it  is 
turned,  the  jet  of  water  will  not  reach 
the  height  which  it  ought  to  do  by  cal¬ 
culation  of  the  height  of  the  reservoir  of 
water  from  which  it  descends,  it  will 


Fig.  16. 


go  higher  from  the  tube  A  than  from  B. 
This  circumstance  explains  the  uniform 
and  parabolic  curve  which  the  great 
artery  of  the  body  takes  in  first  ascend¬ 
ing  from  the  heart.  It  explains  also  why 
the  branches  of  the  great  artery  go  off 
at  different  angles,  according  to  their 
distance  from  the  heart,  or,  in  other 
words,  why  they  pass  off  at  smaller 
angles  with  the  stream  the  farther  the 
artery  recedes  from  the  heart. 

In  the  distribution  of  water-pipes,  it 
is  very  necessary  to  attend  to  the  angle 
at  which  the  small  pipe  is  attached  to 
the  greater  one,  not  only  because  a  pipe 
being  bent  abruptly  causes  loss  of 
motion  from  the  impulse  of  the  fluid 
against  the  side,  but  also  from  another 
well  known  law  of  hydraulics 


If  a  pipe  be  fixed  into  another  so  as 
to  join  it  at  an  angle  contrary  to  the 
direction  of  the  stream,  the  discharge 
into  that  lateral  branch  from  the  larger 
tube  will  not  only  he  much  smaller 
than  we  might  estimate  by  the  diame¬ 
ters  of  the  tubes,  but,  in  certain  cir¬ 
cumstances,  it  will  discharge  nothing 
at  all ;  nay,  on  the  contrary,  the  water 
would  be  drawn  from  the  lesser  tube 
into  the  greater,  until  the  lesser  tube  be 
emptied,  and  air  be  sucked  in, 

Bernouilli  found  that  when  a  small 
tube  B  was  inserted  into  the  side  of  a 
horizontal  conical  pipe  A,  in  which  the 
water  was  flowing  towards  the  wider 

Fig.  17. 
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end  C,  not  only  none  of  the  water  es 
caped  through  the  small  tube,  but  the 
water  from  a  vessel  placed  at  a  consi¬ 
derable  distance  below  was  drawn  up 
through  the  tube  B  into  the  pipe  A. 

With  these  facts  before  us,  we  turn 
with  interest  to  what  the  anatomist  too 
often  contemplates  with  unconcern,  we 
mean  the  different  curves  in  the  branch¬ 
ing  of  the  arteries  and  veins ;  for  by  this 
law  of  hydraulics,  the  junction  of  the 
branches  and  trunks  of  the  arteries  and 
veins  ought  to  be  different,  as  the  one 
vessel,  the  artery,  carries  the  blood  out 
from  the  heart,  that  is,  from  trunk  to 
branch — and  the  other  vessel,  the  vein, 
carries  it  in  the  opposite  direction  to¬ 
wards  the  heart,  or  from  branch  to 
trunk. 

And  in  matter  of  fact,  their  branch¬ 
ings  are  very  different,  and  characteristic 
of  the  vessels. — We  have  heard  a  teacher 
of  anatomy  express  himself  in  this  man¬ 
ner.  “  The  arteries  are  active  and  power¬ 
ful  vessels,  which  carry  the  arterial 
blood  out  from  the  heart — and  they  re¬ 
ceive  the  forcible  impetus  of  the  heart. 
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When  they  are  wounded,  the  man  bleeds 
to  death; — therefore,  nature  conveys 
these  vessels  into  the  recesses  of  the 
body,  taking  advantage  of  every  pro¬ 
tecting  bone — conveying  them  so  that 
the  bones  and  the  muscles  protect  them. 
There  are  no  irregularities  in  their 
course,  and  their  branches  go  off  at  a 
determined  angle,  and  never  irregularly ; 
but  the  veins,”  he  would  continue,  “  are 
vessels  of  less  importance — they  convey 
the  blood  back  to  the  heart,  with  a 
languid  motion,  and  if  they  are  wounded 
the  blood  flows  with  so  diminished  a 
force  that  you  can  stop  it  with  the 
pressure  of  your  finger ;  accordingly, 
nature  is  more  negligent  of  them,  they 
run  in  all  their  courses  irregularly — 
some  deep,  some  superficially ;  and  their 
branches  join  their  trunks  with  awk¬ 
ward  irregular  curves  and  elbows.” 

This  is  in  good  feeling,  and  is  in  part 
true ;  but  it  contains  somewhat  of  the 
eiTor  which  runs  through  most  anato¬ 
mical  discourses,  of  supposing  Ihings 
are  irregular,  as  if  the  objects  in  view 
were  inartificially  and  imperfectly  at 
tained.  From  inattention  to  the  hydrau¬ 
lic  principle,  he  seemed  not  to  have 
considered,  that  the  connection  of  trunk 
and  branch  must  vary  according  to  the 
direction  of  the  stream, — that  the  di¬ 
rection  of  the  branch,  which  is  adapted 
to  lead  the  stream  from  the  trunk  into 
the  branch,  must  be  altered,  when  the 
design  is  to  convey  the  fluid  from  the 
branch  into  the  trunk. 

Fig.  1 8. 

1  2 


The  reader  will  now  understand,  that 
the  branch  of  the  artery  {fig.  18,  No.  1 .) 
gently  diverges  from  the  direction  of 
the  stream,  while  the  branch  of  the  vein, 
in  No.  2,  enters  abruptly  and  at  right 


angles.  We  may  illustrate  this,  by  ob¬ 
serving,  that  if  we  could  suppose  the 
vein  substituted  for  the  artery,  and  the 
artery  for  the  vein — if  the  vein  carried 
the  blood  outwards,  instead  of  towards 
the  heart,  and  the  artery  conveyed  the 
blood  back  to  the  heart,  the  blood  could 
not  run  in  the  circle ;  it  would  be  re¬ 
tarded,  and  congestion  would  take  place, 
somewhere  in  its  course. 

We  have  seen  by  the  demonstration 
above,  that  if  the  veins  of  the  human 
body  were  rigid  tubes,  and  if  a  hole  were 
made  in  their  sides,  air  might  be  drawn 
in,  instead  of  blood  flowing  out.  This  is 
a  matter  of  vital  consequence,  for  if  a 
very  little  air  be  blown  into  the  veins  of 
an  animal,  it  dies  in  an  instant,  and 
there  is  no  suffering  nor  struggle,  nor 
any  stage  of  transition,  so  immediately 
does  the  stillness  of  death  take  posses¬ 
sion  of  every  part  of  the  frame. 

In  conversation  with  Napoleon's  ce¬ 
lebrated  surgeon,  Baron  Larrey,  on  the 
case  of  a  young  man  wounded  in  the 
neck,  he  said  he  had  no  hesitation  in 
declaring  the  cause  of  death  to  be,  air 
drawn  in  by  the  veins  of  the  neck,  and 
he  quoted  instances  occurring  at  the 
battle  of  Wagram.  These  circumstances 
greatly  increase  the  interest  of  an  expe¬ 
riment  made  by  Dr.  Barry,  who  found 
that  on  introducing  a  tube  into  the  vein 
of  the  neck,  and  placing  the  other  end 
of  the  tube  in  a  vessel  of  water,  the 
water  rose  during  inspiration.  The  dif¬ 
ficulty  of  explaining  this,  arises  from 
those  veins  being  membraneous  tubes, 
and  consequently  compressible  ;  but  in 
the  act  of  inspiration,  not  only  are  the 
ribs  and  breast-bone  raised,  but  the 
muscles  of  the  neck  attached  to  the 
collar-bone  rise  from  the  veins  of  the 


Fig.  19. 
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neck.  By  this  means,  instead  of  suffer¬ 
ing  the  compression  of  the  incumbent 
parts,  the  atmospheric  pressure  is  taken 
off  the  veins,  they  are  brought  to  the 
condition  of  rigid  tubes  ;  and  the  prin¬ 
ciples  of  hydraulics  explain  the  rest. 
Thus  fig.  1 9  is  a  reservoir  emptied  by 
a  perpendicular  tube,  into  which  a 
smaller  tube  is  inserted.  The  water  de¬ 
scending  by  the  larger  tube,  will  draw 
the  water  up  through  the  lesser  tube,  so 
as  to  empty  the  glass,  in  which  its  lower 
end  is  immersed. 

We  shall  here  give  an  example  of  the 
manner  in  which  the  trunk  of  the  ab¬ 
sorbent  system  joins  the  venous  system, 
a  circumstance  which  has  not  escaped 
the  notice  of  anatomists.  The  absorb¬ 
ing  or  lymphatic  system,  consists  of  a 
set  of  vessels  different  from  arteries  and 
veins,  which  imbibe  by  a  sort  of  capil¬ 
lary  attraction  at  their  extremities,  and 
convey  their  fluids  towards  the  centre, 
without  any  such  impulse  as  the  proper 
blood-vessels  receive  from  the  heart. 
The  stream  in  the  trunk  of  this  vessel 
has  no  force  to  impel  it  into  the  stream 
of  blood  in  the  veins ;  it  enters,  there¬ 
fore,  in  this  manner. 

A  is  the  trunk  of  this  system,  called 
the  thoracic  duct,  B  is  the  great  jugu- 

Fig.  20. 


lar  vein  descending  from  the  head,  and 
C  the  great  vein  coming  from  the  arm. 
These  veins  join  at  an  angle,  and  the 
streams  from  them,  in  the  direction  of 
the  arrows,  leave  a  point  between  them 
at  D,  where  there  is  no  pressure.  If 
two  tubes  enter  into  a  larger  tube  ob¬ 
liquely,  and  the  water  be  flowing  from 
the  lesser  tubes  into  the  greater  one,  and 
if  a  hole  be  bored  at  the  angle  of  their 
union,  the  water  will  not  escape  at  that 
hole.  Therefore,  the  fluid  from  the  tho¬ 
racic  duct  A,  meets  with  no  impediment 
at  the  point  D  ;  when  entered,  we  have 


seen,  by  a  former  diagram,  how  the-  at¬ 
traction  of  the  more  forcible  stream 
will  draw  the  contiguous  fluid  after  it. 
By  this  contrivance,  if  we  may  use 
the  word,  the  fluid  in  the  absorbing  sys¬ 
tem  finds  access  to  the  red  blood,  and  is 
carried  into  the  heart. 

We  might  continue  this  subject,  by 
considering  the  influence  of  respira¬ 
tion  on  the  circulation ;  but  we  shall 
pursue  the  enquiry  into  the  hydraulic 
principles,  as  applicable  to  the  iircula- 
tion,  independently  of  pneumatics. 

The  law  of  inertia,  which  is  of  easy 
comprehension  as  it  regards  solids,  is 
also  applicable  to  fluids  ;  it  is  easier  to 
keep  a  column  of  water  in  a  pipe  in 
motion,  than  to  put  it  into  motion  from 
a  state  of  rest. 

In  a  forcing  pump,  when  after  each 
movement  of  the  piston  the  column  of 
water  becomes  stationary,  power  is 
unnecessarily  lost  by  bringing  the  co¬ 
lumn  of  water,  which  is  in  this  state  of 
rest,  again  into  motion  ;  but  if  a  second 
blow  of  the  engine  be  given  to  the  co¬ 
lumn  of  water  whilst  it  is  yet  moving,  it 
is  found  to  be  more  easily  pressed  for¬ 
ward,  and  no  part  of  the  force  is  lost 
in  urging  it  from  a  state  of  rest  into 
motion.  This  is  evinced  in  the  contri¬ 
vances  of  the  engineer.  He  employs  two 
forcing  pumps  instead  of  one,  and  he  so 
applies  his  lever,  as  to  operate  alternately 
on  the  one  and  the  other ;  to  the  end 
that  the  water  in  the  pipe  may  be  kept  in 
uninterrupted  motion.  Let  us  apply  this 
principle  to  the  circulation  of  the  blood. 

If  the  heart  were  the  only  power 
forcing  on  the  blood,  there  would  be  a 
cessation  of  motion  after  each  pulse  of 
the  heart,  and  therefore  a  great  part  of 
its  power  would  be  lost.  This  explains 
why  there  is  a  power  in  the  artery  as 
well  as  in  the  heart.  The  artery  being 
muscular,  seconds  the  operations  of  the 
heart ;  its  muscularity,  and  the  muscu¬ 
larity  of  the  heart  are  powers  exercised 
alternately,  and  which,  acting  like  the 
double  stroke  of  the  engine,  permit  no  in¬ 
terval  to  the  motion  of  the  column  of 
blood.  If  the  heart  had  to  act  upon  a 
column  of  blood  at  rest,  not  only  much 
of  its  force  would  be  unnecessarily  ex¬ 
hausted,  but  it  would  be  excited  to  pro¬ 
pel  an  inert  body,  and  a  dangerous  shock 
would  arise  from  the  resistance. 

If  we  pursue  this  subject,  and  inquire 
what  is  essential  to  such  a  hydraulic 
machine  as  we  are  contemplating,  we 
shall  perceive  that  the  engineer  meets 
with  a  difficulty  m  adjusting  the  powers 
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of  his  two  pumps,  and  finds  an  interval, 
orpause,  in  the  application  of  their  forces. 

Fig.  21. 


To  obviate  this,  he  makes  three  cy¬ 
linders,  the  pistons  of  which  are  moved 
by  a  crank,  which  so  orders  the  descent 
of  the  pistons  as  to  fill  up  this  interval, 
so  that  one  of  the  pistons  shall  be  always 
descending ;  and  these  pumps  propelling 
the  water  into  a  common  tube,  there 
is  no  interval  to  the  motion  of  the  fluid 
through  it. 

By  this  example  we  are  led  to  look 
for  something  corresponding  in  the  ma- 

Fig.  22. 


find  a  quality  in  the  blood-vessels  which 
answers  the  purpose  much  better.  But 
to  comprehend  this,  we  must  observe 
that  the  engineer  has  a  more  admirable 
contrivance  than  this  of  a  third  pump 
to  adjust  the  action  of  the  other  two. 

He  confines  a  body  of  air  which,  by  its 
elasticity,  performs  the  office.  The  pipes 
of  two  forcing  pumps  are  carried  into 
the  reservoir  B  ;  they  .convey  the  water 
up  to  C,  by  which  time  the  air  is  com¬ 
pressed,  and  its  elasticity  thereby  in¬ 
creased,  that  elasticity  is  exerted  without 
interval,  and,  acting  on  the  water  C,  pro¬ 
pels  it  into  the  tube  D  uninterruptedly. 

Just  such  an  elastic  property  is  pos¬ 
sessed  by  the  arteries.  The  great 
artery  which  goes  out  from  the  heart, 
as  we  have  had  repeated  occasion  to 
observe,  makes  a  ,  sweeping  curve ;  it 
is  capacious,  and  is  the  most  perfectly 
elastic  of  any  thing  in  nature.  Here 
then  we  have  the  three  powers  which 
the  engineer  finds  necessary  to  em¬ 
ploy.  \Ve  have  the  alternate  action 
of  the  heart  and  artery,  and  we  have  an 
elasticity  which,  though  passive,  is  es¬ 
sential,  both  to  the  uniform  flow  of  the 
blood,  by  filling  up  the  interval  in  the 
action  of  the  two  powers,  and  to  the 
safety  of  the  engine  itself ;  for  without 
this  elasticity  there  would  be  such  a  jar 
as  must  speedily  destroy  the  mechanism.* 

There  is  nothing  more  admirable  than 
the  influence  of  this  elastic  power ;  it  is 
greatest  in  the  coats  of  the  artery  near 
the  heart,  weaker  in  the  coats  of  that 
artery  as  it  recedes  from  the  heart ;  this 
very  evidently  declares  its  use :  but  we 
shall  take  a  more  sufficient  proof,  al¬ 
though  an  unhappy  one. 

As  life  advances,  the  arterial  system 
loses  much  of  its  elasticity,  and  becomes 
rigid.  This  is  so  common  an  occur¬ 
rence  that  we  can  no  more  call  it  a 
disease,  than  the  stiffened  joints  of  an 
old  man ;  it  is  the  forerunner  or  the 
accompaniment  of  the  decline  of  life. 
But  this  sometimes  takes  place  too  early 
in  life,  and  to  an  extreme  degree  ;  and 
from  its  effects  we  must  call  it  morbid  ; 
for  it  not  unfrequently  happens  that  the 
muscular  power  of  the  heart  being  still 
entire  and  vigorous,  the  arteries  can  no 
longer  sustain  it.  They  are  not  now 
endowed  with  that  power  which,  yielding 

*  But  does  the  blood  flow  uniformly  ?  Not  precisely 
so  in  the  arteries,  since  the  stroke  of  the  heart  is  more 
powerful,  or  rather  more  concentrated,  than  that  of 
the  arteries.  During  the  contraction  of  the  ventricle 
of  the  heart  the  artery  is  dilated  ;  but  it  is  never 
emptied;  and  the  flow  of  the  blood  forwards  in  the 
course  of  the  circulation  is  not  for  an  instant  inter¬ 
rupted 
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to  the  heart’s  action,  resists,  and  recoils 
the  more  it  yields  —  which  takes  off 
all  sudden  shock,  and  which  in  yield¬ 
ing  wastes  no  power,  since  on  its  recoil 
it  gives  as  much  force  to  the  accelera¬ 
tion  of  the  blood,  as  was  lost  of  the 
heart's  action.  The  artery  then  becom¬ 
ing  rigid,  yields  indeed  to  the  heart's 
impulse,  but  has  no  recoil.  It  is  per¬ 
manently  dilated  or  enlarged.  It  is  now 
called  aneurismal.  A  stronger  impulse 
from  the  heart,  excited  by  inordinate 
action  or  passion,  chips  and  bursts 
the  now  rigid  coats  of  the  artery.  If  the 
breach  be  sudden,  it  is  death ;  if  it  be 
gradual,  a  pouch  forms — a  true  aneu¬ 
rism.  And  now  we  have  the  proof  we 
require;  for  this  bag  coming  to  press 
upon  the  solid  bones,  they  are  de¬ 
stroyed.  That  action  of  the  heart 
which  was  so  lightly  and  so  easily  borne 
whilst  the  vessels  were  elastic,  now  beat¬ 
ing  upon  a  solid  structure,  in  a  short 
time  destroys  it.  Thus  we  are  led  to  a 
more  accurate  knowledge  of  the  fine 
adjustment  of  the  active  and  resisting 
properties  in  the  circulating  vessels  du¬ 
ring  youth  and  health,  by  what  takes 
place  on  a  very  slight  derangement  of 
those  powers. 

Chapter  II. 

The  Illustrations  from  Mechanics  may 
be  carried,  too  far.  Peculiar  proper¬ 
ties  of  Life  in  the  Body.  They  differ 
in  quality.  They  have  an  adjustment 
to  each  other,  more  admirable  than  the 
Mechanical  connection. 

We  are  the  more  desirous  of  entering 
upon  this  subject,  that  we  may  prevent 
the  reader  from  founding  a  false  conclu¬ 
sion  upon  the  very  mode  in  which  we  have 
hitherto  proceeded,  that  of  showing 
design  in  every  part  of  the  animal  struc¬ 
ture  by  taking  our  illustrations  from 
the  mechanism  of  the  body. 

When  we  have  admired  the  connec¬ 
tions  of  the  several  parts,  or  organs, 
thus  made  manifest  by  comparison  with 
machinery,  we  may  go  too  far,  and  say, 
that  the  material  structure  and  me¬ 
chanical  relation  are  to  be  found  in 
still  greater  minuteness  and  perfection 
in  the  finer  textures  of  the  body,  proceed 
to  call  this  organization,  and  erroneously 
conclude,  that  out  of  organization  comes 
Life.  The  very  term  organization  mis¬ 
leads  ;  yet  it  implies  something  con¬ 
structed,  in  which  one  part  cooperates 
with  another ;  but  nothing  more.  Tak¬ 
ing  the  body  as  a  whole,  there  are  un¬ 
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doubtedly  instances  of  such  cooperation, 
but  it  is  in  vain  to  seek  the  explanation 
of  life  from  this  ;  since  life  exists  in 
simple  and  uniform  substances,  where 
there  is  neither  construction  nor  relation. 

Now,  although  there  are  mechanical 
construction  and  relation,  as  we  have 
seen,  in  bones,  muscles,  and  tendons, 
the  phenomena  of  the  body  result  from 
a  dependance  established  among  the 
living  properties,  not  the  mechanical. 
The  highest  medical  authorities  have 
seen  reason  to  conclude  that  life  is  an 
endowment,  not  resulting  from  organi¬ 
zation  or  construction,  but,  on  the  con¬ 
trary,  producing  it ;  in  other  words, 
that  the  living  principle  attracts  the  new 
matter,  arranges  it,  and,  in  order  to  its 
continuance  and  perfection,  alters  it, 
and  effects  a  continual  revolution  in  it. 
For  there  is  nothing  more  curious  than 
the  uninterrupted  and  rapid  change  of 
the  material  of  the  animal  body,  from 
the  first  pulse  of  life  to  the  last  breath 
that  is  drawn ;  of  which  we  shall  give 
abundant  proofs  before  we  close  this 
inquiry. 

In  first  approaching  the  subject  we 
are  blinded  by  familiar  occurrences,  and 
cannot  comprehend  all  the  links  by 
which  the  visible  phenomena  of  the 
living  body  are  produced.  Probably 
most  of  our  readers  believe  motion  to 
be  a  necessary  consequence  of'life,  and 
the  very  proof  of  its  presence.  The 
peasant  stirs  up  an  animal  v/ith  his 
staff,  and  if  it  does  not  move  he  is 
satisfied  that  it  is  dead ;  and  such  is 
the  experience  of  mankind.  We  do  not 
reflect  that  many  different  qualities  of 
the  living  powers  must  be  exercised 
before  sensibility  is  shown  in  its  visible 
sign,  the  motion  of  the  creature.  It  is 
not  necessary  that  the  parts  shall  lock 
into  each  other  like  the  cogs  of 
wheels  ; — the  connections  established 
are  of  a  different  kind  altogether. 
Each  part  possesses  a  property  of  life 
entirely  distinct  from  the  other,  and  this 
property  of  life  may  exist  in  the  indi¬ 
vidual  part  (for  a  time  at  least)  without 
that  cooperation  of  the  whole  which  is 
necessary  for  the  motions  of  the  animal. 

This  quality  of  life  is,  in  one  respect, 
like  gravitation  in  matter ;  that  is,  when 
the  mass  is  broken  into  parts,  each  di¬ 
vision  has  its  proportion  of  the  endow¬ 
ment,  and  so  the  separated  parts  of  a 
living  creature  possess  life.  But  here  the 
resemblance  ceases;  gravitation  is  the 
same  quality  in  every  part,  and  uniform 
in  its  effects,  whilst  the  life  is  exhibited 
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by  qualities  differing  in  every  part  of 
the  animal  body.  Did  these  parts 
possess  qualities  exactly  similar,  they 
would  remain  at  rest,  and  though  com¬ 
bined,  they  would  not  influence  each 
other.  It  is  the  different  powers  brought 
into  combination  that  produce  the  mo¬ 
tion  of  the  whole  animal. 

If  a  man  fall  into  the  water,  and  is 
dragged  out  motionless,  and  has  ceased 
to  breathe,  each  part  of  his  body  may 
still  possess  its  property  of  life.  Although 
the  combinations  have  been  destroyed, 
he  may  be  revived  by  exciting  action 
in  some  part  of  his  system.  Life  still 
remains  in  brain,  and  nerves,  and  heart, 
and  arteries,  and  in  the  muscles,  which 
should  enable  him  to  breathe  ;  but  the 
mutual  influence,  the  bond  of  their  uni¬ 
ted  operations,  is  broken.  We  may 
take  the  analogy  of  a  machine,  and 
say  that  the  wheels  are  stopped ;  but  this 
is  in  fact  a  very  different  thing  ;  it  is  the 
operation  of  the  living  influence  that  is 
stopped ;  for  we  repeat  that  nature 
(by  which,  of  course,  is  always  to  be 
understood  the  Author  of  Nature)  has 
combined  the  organs  not  mechanically, 
but  by  properties  of  life. 

Artificial  respiration  draws  after  it 
the  action  of  the  heart,  because  the  sen¬ 
sibility  of  the  heart  is  made  respondent 
to  the  lungs.  Pulsation  of  the  heart, 
excited  by  the  motion  of  the  lungs,  is 
followed  by  the  action  of  the  arteries ; 
these  organs  in  operation,  drive  the 
blood  through  the  frame,  and  by  the 
circulation  the  susceptibility  of  each 
part  to  impression,  which  had  been 
weakened,  is  restored.  Action  and  re¬ 
action  are  reestablished;  but  these  ac¬ 
tions  are  not  like  those  of  a  machine, 
they  are  living  properties  ;  sensibility  in 
one  part,  contractility  in  another ;  and 
after  a  variety  of  these  internal  sensi¬ 
bilities  have  been  for  some  time  in  ope¬ 
ration,  the  man  gives  outwar  d  token  of 
recovery. 

So  a  person  recovering  from  fainting, 
after  sobbing  and  irregular  breathing, 
has  the  respiration  renewed  ;  in  succes¬ 
sion  other  parts  recover  their  sensibility 
and  resume  their  places  in  the  circle  of 
relations  ;  the  skin  is  capable  of  being 
stimulated,  and  the  limbs  are  capable  of 
motion  ;  the  eyelids  are  opened  ;  by  and 
by  the  nerve  of  the  eye  is  sensible  to 
light,  and  the  nerve  of  the  ear  to  sound ; 
and,  finally,  the  faculties  of  the  mind  are 
roused,  and  its  control  over  the  body 
reestablished.  The  whole  separate  en¬ 
dowments  of  life  in  the  different  parts  re¬ 


sume  their  offices ; — the  last  in  the  train ; 
only,  the  property  of  the  muscle  to  con¬ 
tract  is  alone  observed  by  the  unin¬ 
formed,  and  voluntary  motion  is  the 
token  of  entire  restoration. 

We  can  imagine  a  half-leamed  per¬ 
son  to  act  very  foolishly  in  the  attempt 
to  restore  the  apparently  drowned,  lie 
has  been  told  that  we  draw  in  vital  air, 
and  breathe  out  what  is  unfit  to  sup¬ 
port  life ;  he  imagines  that  it  can  be  of 
no  use  to  distend  the  lungs  of  the  drown¬ 
ing  person  with  his  own  breath,  and 
precious  time  is  lost.  Whereas,  the 
mere  distension  of  the  chest,  that  is, 
of  the  lungs,  followed  by  the  compres¬ 
sion  of  the  chest,  and  again  by  the  disten¬ 
sion,  and  so  on  alternately,  is  the  play 
of  the  lungs,  which  by  sympathy  draws 
the  heart  into  action,  and  in  succession 
all  the  vital  organs.  This  is  not  what 
chemistry  teaches ;  chemistry  shows 
us  that  the  vital  air  influences  the  blood ; 
and  it  is  true  that  the  blood,  being  re¬ 
freshed  or  impregnated  with  the  vital 
air,  renews  the  properties  of  life.  But 
this  effect  on  the  blood  could  never  take 
place,  unless  there  were  some  previous 
consent  or  sympathy,  putting  the  or¬ 
gans  into  operation.  We  repeat  that 
the  consent  of  organs  is  not  the  effect 
of  mechanical  adaptation,  or  of  che¬ 
mical  action,  but  of  relation  established 
among  the  vital  properties. 

If  a  man  be  struck  by  lightning,  he 
has  not  merely  the  vital  operation  of 
respiration  stopped,  as  in  the  case  of 
the  drowning  man,  in  whom  every  or¬ 
gan  continues  to  possess  its  property  of 
life ;  he  is  not  like  a  man  struck  on  the 
head,  where  one  vital  organ  is  so  dis¬ 
turbed  that  the  circle  of  vital  actions  is 
broken  ;  in  this  instance  the  electric  fire 
passes  through  every  fibre  and  every 
organ ;  all  the  qualities  of  life,  whether 
residing  in  the  brain,  nerve,  or  muscle, 
are  instantaneously  destroyed ;  and  the 
moment  of  death  is  the  commencement 
of  dissolution. 

Mr.  John  Hunter  illustrated  this 
somewhat  familiarly.  If  you  bruise  the 
head  of  an  eel,  its  body  writhes  ;  but  if 
it  be  taken  by  the  tail,  and  struck  on 
the  flag-stone,  so  that  every  part  of  its 
body  receives  the  shock,  then  all  the 
parts  are  killed,  and  it  remains  motion¬ 
less.  When  an  animal  is  killed  by  that 
violence  which  injures  one  important 
organ,  the  property  of  life  remains  for 
a  certain  time  in  every  part ;  those  parts 
have  no  correspondence,  and  there  is  no 
outward  token  of  life;  but  the  vital 


ANIMAL  MECHANICS.  47 


principle  is  still  capable  of  exhibiting  one 
of  its  most  important  properties ;  it 
arrests  the  operation  of  those  chemical 
affinities  which  belong  to  dead  matter. 

Thus  the  reader  perceives,  that,  al¬ 
though  he  be  led  on  to  comprehend 
the  design  or  intention  manifested  in  the 
structure  of  the  body  by  mechanical  in¬ 
stances,  or  comparisons,  it  is  when  we 
contemplate  the  influence  of  the  living 
principle,  that  we  have  a  higher  convic¬ 
tion  of  the  Omnipotence,  which  has 
formed  every  creature,  and  every  part 
of  each  creature,  with  that  appropriate 
endowment  of  life,  which  suits  it  to  act 
its  part  in  the  general  system. 

We  must  learn  to  distinguish  between 
the  death  of  the  animal,  and  the  death 
of  the  parts  of  the  animal — between  ap¬ 
parent  death,  and  dissolution,  or  the  se¬ 
paration  of  that  quality  which  distin¬ 
guishes  living  matter. 

Viewing  the  subject  generally,  as  Mr. 
Hunter  said,  there  are  not  two  kinds  of 
matter,  but  two  conditions  of  matter.  It 
is  at  one  moment  forming  beautiful 
combinations,  as  in  the  flower,  through 
the  principle  of  life,  and,  at  another,  it 
is  cast  away  as  noxious,  undergoing 
changes  by  decomposition,  from  chemical 
processes  solely.  The  want  of  combi 
nation  in  the  whole  animal  body  exhibits 
apparent  death.  The  loss  of  life  in  all 
the  parts  of  an  animal  body,  is  absolute 
death,  and  the  material  becomes  sub¬ 
jected  to  the  influence  of  the  chemical 
affinities,  instead  of  being  urged  into 
motion  by  life. 

The  jackstone  produces  motion  in  one 
part  of  a  machine ;  that,  varied  by  me¬ 
chanical  influence,  is  communicated  to  a 
second ;  from  the  teeth  of  one  wheel  it 
is  communicated  to  the  corresponding 
leaves  of  the  pinions,  and  from  the 
pinions  to  the  fusees.  But  what  a  base 
notion  it  is  to  suppose  that  the  mere 
property  of  weight  in  the  jackstone  is 
like  the  influence  of  life ! 

The  weight  is  the  power,  in  the  lan¬ 
guage  of  mechanicians  ;  but  it  does  not 
reside  in  the  parts  of  a  machine,  nor  does 
it  exhibit  different  qualifications  in 
these  parts.  Separate  them,  and  they  are 
nothing.  On  the  contrary,  no  one  part 
of  an  animal  body  is  in  this  manner  de¬ 
pendant  on  another  for  its  property  of 
life.  The  property  is  inherent  in  the 
part  itself,  and  the  wonderful  thing  is 
that  each  property  in  the  several  organs 
corresponds  with  the  others,  so  as  to 
form  a  circle  of  vital  operations.  There 
is  no  transmission  of  power,  in  all  this. 


from  part  to  part — no  train  of  connection 
to  be  traced  as  from  the  jackstone,  or  the 
spring,  along  the  parts  of  the  machine. 
There  is,  therefore,  in  truth,  no  resem¬ 
blance  between  machinery  and  the  in¬ 
fluences  in  operation  in  a  living  body. 
What  is  to  be  admired  in  a  living 
body  is  not  merely  the  adaptation  of 
bones,  muscles,  and  tendons,  forming  a 
mechanical  apparatus,  butrather  the  dif - 
ferent  qualities  which  life  bestows  upon 
different  parts  ;  these  qualities  put  the 
parts  into  relation  each  according  to  its 
place  in  the  circle  of  the  economy ;  and 
among  innumerable  properties  of  life  in 
the  individual  parts,  produce  that  perfect 
cooperation  as  if  one  principle  only  ac¬ 
tuated  the  whole. 

When  a  person  moves  under  the  di¬ 
rection  of  the  will,  nothing  can  be  more 
simple  to  our  understanding,  because 
we  do  not  attempt  to  trace  the  links,  lar 
less  to  estimate  the  powers  in  the  several 
parts  influenced  during  this  familiar  ac¬ 
tion.  But  if  there  be  the  slightest  dimi¬ 
nution  of  sensibility  of  one  nerve  so  that 
it  shall  not  transmit  sensation  ;  or  if  there 
be  any  disturbance  which  retards  in  the 
least  degree  the  transmission  of  the  will 
along  another  appropriate  nerve ;  if  the 
muscle  be  benumbed,  or  have  lost  its 
irritability;  if  the  action  of  the  blood¬ 
vessels  has  been  either  diminished  or 
increased  beyond  their  ordinary  course, 
either  in  the  organs  of  sense,  the  brain, 
or  nerves  ;  we  are  appalled  by  the  conse¬ 
quences.  The  impressions  of  things  are 
not  felt ;  the  senses  are  unexercised  ;  the 
limbs  remain  inactive  ;  one  half,  or  the 
whole,  of  the  body  is  a  load,  as  if  there 
were  a  living  being  in  a  dead  body — a 
body  whose  parts  refuseltheir  office,  ap¬ 
pearing  dead  though  they  are  not  so.  The 
correspondence  of  their  living  qualities 
has  alone  been  disturbed ;  the  move¬ 
ment  which  results  from  the  whole  is 
stopped,  and  there  is  apparent  death. 

What  confusion  then  must  be  engen¬ 
dered  in  the  minds  of  those  who  would 
confound  the  phenomena  of  life,  as  pre¬ 
sented  in  the  entire  framework  of  the 
body,  with  those  separate  qualities  of  life, 
which,  residing  in  the  several  parts, 
must  enter  into  combination  for  the  mo¬ 
tion  of  the  whole  !  The  next  step  of  this 
unphilosophical  manner  of  treating  the 
subject,  is  to  make  the  organization  the 
source  of  the  living  property, — as  if  any 
combination  of  organs  could  produce 
life. — as  if  those  organs  could  have 
motion  without  the  distinct  endowments 
of  life  in  their  separate  parts, — as  if 
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(hey  cooperated  mechanically,  and  not 
from  the  correspondence  among  their 
living  properties.  Those  who  thus  rea¬ 
son  mean  to  say,  that  parts  are  made 
so  finely  as  to  move  of  themselves,  one 
part  propelling  another,  and  the  motion 
of  the  whole  producing  life.  It  is  quite 
clear  that  this  confusion  of  ideas  arises 
from  contemplating  the  phenomena  of 
the  perfect  animal,  in  which  all  interme¬ 
diate  influences  are  confounded.  On  the 
other  hand  we  present  this  proposition. 

The  several  simple  substances  of  a 
living  body  have  each  an  endowment  of 
life  bestowed  upon  them.  Let  us  take 
the  obvious  qualities,  of  sensibility— the 
power  of  transmission— and  the  power 
of  motion ;  each  of  which  is  appro¬ 
priate  to  a  particular  substance.  When 
these  qualities  are  put  in  relation,  im¬ 
pressions  may  produce  motion,  and 
thus  there  are  three  distinct  properties 
of  life  brought  into  operation.  Where 
is  the  organization  or  construction 
here  ?  Without  those  living  endow¬ 
ments  these  parts  would  be  inopera¬ 
tive,  in  whatever  juxta-position  placed. 
The  mechanical  construction  of  the 
body  is  one  thing :  and  we  are  able  to 
admire  it,  because  it  can  be  illustrated  by 
comparison  with  our  own  contrivances ; 
the  combination  of  living  properties  is 
another  and  an  entirely  different  thing. 

We  here  reach  the  limit  of  philosophi¬ 
cal  inquiry.  Hitherto  all  has  been  flat¬ 
tering  to  the  pride  of  the  creature  ;  but 
we  must  now  humbly  acknowledge  the 
inscrutable  ways  of  the  Creator  ;  and 
ceasing  to  trace  the  origin  of  life,  more 
than  we  do  that  of  gravitation,  we  should 
be  occupied  in  observing  its  laws,  not  in 
exploring  its  source. 

We  shall  take'an  instance  to  illus¬ 
trate  the  difference  betwixt  the  mecha¬ 
nical  connection  of  parts,  and  their  re¬ 
lations  through  the  living  properties. 
And  it  will,  at  the  same  time,  show  how 
curiously  the  living  properties  and  the 
mechanical  properties  are  made  to  cor¬ 
respond  with  each  other. 

A  stream  of  water  is  converted  into  a 
mechanical  power ;  it  fills  a  cistern, 
which  is  attached  to  a  lever  ;  the  cistern 
descends  by  the  weight  of  water ;  by  its 
descent  a  valve  is  pushed  open ;  the 
water  escapes,  and  the  cistern  ascends, 
and  remains  so,  till  the  stream  flowing 
into  it  again,  depresses  it.  Thus  the 
regularity  of  the  supply  of  water  gives 
regularity  of  motion  to  the  machine. 
Compare  this  with  the  heart. 


Fig.  23. 


We  may  describe  the  heart  as  consist¬ 
ing  of  two  cavities,  the  one  called  the  Au¬ 
ricle,  and  the  other  the  Ventricle.  The 
sinus  A(fg.23)  receives  the  blood  return¬ 
ing  by  the  veins,  and  gradually 'filling, like 
a  cistern,  it  becomes  so  distended,  that  its 
muscular  power  is  excited  ;  it  contracts, 
and  delivers  the  blood  with  a  sudden 
impetus  into  the  second  cavity,  or  the 
ventricle  B ;  which,  in  its  turn,  excited  by 
the  distension,  contracts,  and  propels 
the  blood  into  the  artery  C.  Here  the 
action  of  the  heart  is  accounted  for, 
by  its  mechanical  distension  with  the 
blood:  and  the  regularity  of  its  mo¬ 
tions  necessarily  corresponds  with  the 
regularity  of  the  supply.  The  distension 
produces  action,  and  the  propulsion  of 
the  blood  from  the  cavity  allows  a  mo¬ 
mentary  state  of  rest,  until  another  vo¬ 
lume  of  the  blood  excites  another  pulse. 

But  we  have  now  to  observe,  that 
when  this  irritability  or  muscular  power 
was  bestowed  upon  the  heart,  it  was 
directed  by  a  law  entirely  different  from 
the  irritability,  as  possessed  by  other 
muscles.  A  property  of  alternate  acti¬ 
vity  and  rest  was  given  to  it,  quite  unlike 
the  contractility  of  other  parts ;  and  ac¬ 
cordingly  when  the  heart  is  empty,  when 
there  is  no  distension  of  blood  at  all, 
the  two  cavities  will  continue  their  al¬ 
ternate  action.  Nay,  if  the  heart  be 
taken  from  the  animal  recently  dead,  it 
will  continue  to  act  in  regular  succes¬ 
sive  pulses,  first  the  one  cavity,  and  then 
the  other,  and  so  on  successively  for  a 
long  time,  until  the  life  be  quite  ex¬ 
hausted.  The  two  cavities  will  thus  con¬ 
tinue  in  alternate  action,  as  if  they  were 
employed  in  the  office  of  propelling  the 
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blood,  when  there  is  no  blood  contained 
within  them.  It  is  superfluous  to  ob¬ 
serve,  that  no  such  thing  could  happen 
in  the  case  of  the  cistern  and  lever,  were 
the  stream  of  water  to  cease  running. 

Thus  we  distinguish  two  things  quite 
different,  a  mechanical  or  hydraulic  pro¬ 
vision,  by  which  these  little  cisterns,  the 
auricle  and  ventricle,  shall  be  regularly 
supplied,  and  alternately  filled  and  emp¬ 
tied — and  the  property  of  contraction  in 
the  heart ;  not  a  mere  property  of  con¬ 
traction  from  irritation,  as  in  the  other 
muscles,  but  a  property  far  more  admi¬ 
rable,  since  the  irritability  or  power  of 
contraction  of  the  part,  is  ordered  with 
a  reference  to  its  office — that  it  shall  con¬ 
tract  and  relax  in  regular  and  rapid  suc¬ 
cession,  and  continue  its  office  unwea- 
riedly  through  a  long  life.  The  living 
property  of  the  heart  exhibits  a  variety 
adapted  to  its  office,  and  a  correspond¬ 
ence  still  more  admirable  than  the  me¬ 
chanical  relation. 

We  are  thus  particular  in  distinguish¬ 
ing  the  mechanical  adaptation  of  parts, 
from  the  cooperation  of  the  vital  influ¬ 
ences  residing  in  the  several  parts ;  for 
there  are  many  who  will  take  the  illus¬ 
tration  from  mechanics,  and  stop  their 
inquiry  there,  and  who  entertain  a  con¬ 
fused  notion  of  the  dependance  of  the 
life  of  the  body  on  its  mechanism. 

Another  mistake,  which  some  philo¬ 
sophical  inquirers  entertain,  is  to  fancy 
that  the  principle  of  life  is  of  a  galvanic 
nature.  There  is  indeed  an  unwilling¬ 
ness  in  men  to  acknowledge  that  their 
powers  of  reason  are  exhausted,  and  that 
they  have  arrived  at  an  ultimate  stage  ; 
they  would  fain  set  up  some  contrivance 
to  hide  the  humiliating  truth.  Whatever 
notions  have  prevailed  in  the  schools  at 
different  epochs,  of  heat,  electricity,  or 
galvanism,  we  find  an  attempt  to  explain 
the  phenomena  of  life  by  an  application 
of  the  powers,  with  which  they  have 
been  successful  in  their  physical  inqui¬ 
ries.  Experiments  without  reason  are 
equally  delusive  with  hypotheses;  those 
who  will  not  give  themselves  the  labour 
of  thought,  desire  to  witness  striking 
phenomena ;  wonder-struck,  they  believe 
that  they  are  engaged  in  experimental 
investigation,  when  their  state  of  mind  is 
little  better  than  idle  amazement.  A 
calf's  head  is  made  to  yawn,  or  a  man 
cut  down  from  the  gallows  to  move 
like  a  figure  of  cards  pulled  with  strings  ; 
the  jaws  move,  and  the  eyes  roll,  and 
this  is  done  by  conveying  the  galvanic 
shock  tot  he  nerves ;  here  it  is  supposed 


that  nothing  less  than  the  principle  of 
life  itself  can  work  such  wonders,  and 
that  galvanism  is  this  principle. 

Putting  aside  the  circumstance  al¬ 
ready  stated,  of  life  exhibiting  totally 
different  phenomena  in  union  with  dif¬ 
ferent  parts,  is  there  any  point  of  resem¬ 
blance  between  galvanism  and  life  ? 
Does  tying  the  nerve  stop  the  influence 
of  galvanism,  as  it  does  the  influence 
of  life  ?  Does  galvanism  course  along  a 
cord  when  it  is  surrounded  by  matter  in 
contact  with  it  of  .the  same  nature  ? 
Can  life  pass  out  of  one  body  into 
another,  like  heat,  of  electricity,  or  gal¬ 
vanism?  Can  they  be  contained  by  a 
thin  membrane  ?  Does  life  pass  equally 
through  all  the  parts  of  a  moist  animal 
body  as  one  uniform  influence,  like  gal¬ 
vanism  ? 

In  no  circumstance  is  there  a  resem¬ 
blance,  and  the  whole  phenomena  le- 
sulting  from  galvanism  transmitted 
through  an  animal  apparently  dead,  are 
fairly  to  be  attributed  to  its  being  a  high 
stimulus  conveyed  through  the  moist 
animal  body,  and  exciting  the  powers 
which  remain  insulated  in  the  several 
parts ;  and  in  exciting  those  forces,  far 
from  renewing  them,  it  exhausts  them 
altogether. 

The  uses  made  of  galvanism  in  the 
explanation  of  the  living  phenomena, 
should  make  sensible  men  very  cautious 
how  they  carry  the  legitimate  inductions 
of  chemical  science  into  another  depart¬ 
ment.  They  will  not  submit  to  call  the 
irritability  or  contractility  of  a  muscle  an 
endowment  of  life,  but  seek  to  explain 
it  by  organization.  They  employ  the 
microscope  ;  they  find  the  ultimate  fibre 
to  be  some  thousandth  part  of  an 
inch  in  breadth  ;  they  see  plicae  or  folds  ; 
they  imagine  them  to  be  cells  into  which 
the  fibres  are  divided ;  they  furnish  these 
cells  with  two  different  gases,  and  ex¬ 
plode  them  by  some  galvanic  influence 
of  the  nerves  ;  and  the  explosion  by 
dilating  the  cells  in  one  direction,  causes 
the  contraction  in  another.  This  is  the 
theory  of  muscular  action  at  the  period 
of  the  discovery  of  the  gases  ;  and  some 
such  idle  hypothesis,  supposed  applica¬ 
ble  to  the  laws  of  life,  accompanies  every 
considerable  improvement  in  chemistry. 

In  the  most  modern  and  the  most 
popular  French  work  on  Physiology, 
by  Mons.  Richerand,  he  says,  “  What 
appears  to  me  by  much  the  most  inge¬ 
nious  opinion,  and  which  carries  with  it 
the  greatest  probability,  is  that  which 
supposes  the  contraction  of  the  muscle 
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to  depend  on  the  combination  of  hydro¬ 
gen,  carbon  and  azote,  and  other  com¬ 
bustible  substances  which  exist  in  the 
fleshy  fibre,  with  the  oxygen  conveyed 
to  them  through  the  arteries.”  But  he 
adds,  ‘  as  if  he  had  perfected  the  theory,' 
“  it  is  also  necessary  to  suppose,  that  a 
nervous  fluid  is  directed  through  the 
muscle  to  determine  the  decomposition, 
as  the  electric  spark  forms  water  out  of 
two  gases.” 

Such  is  the  chemical  theory  of  mus¬ 
cular  motion ;  it  betrays  an  entire  mis¬ 
understanding  of  the  phenomena  of 
muscular  motion,  and  of  the  beautiful 
provision  in  every  muscle  for  its  ap¬ 
propriate  office.  The  muscles,  which 
are  subservient  to  the  organs  of  sense, 
differ  in  their  operations  altogether  from 
the  voluntary  muscles  of  the  limbs. 
The  hollow  muscles,  as  they  are  termed, 
those  which  carry  down  the  food,  and 
which  carry  round  the  blood  in  circu¬ 
lation,  vary  in  their  time  and  manner  of 
acting  according  to  their  offices  ;  but 
what  conception  can  he  have  of  such 
adjustment  of  powers,  who  is  entertain¬ 
ing  himself  with  a  theoiy,  that  supposes 
a  sudden  explosion  to  take  place  in  the 
fibres  of  the  muscle  at  their  time  of  ac¬ 
tion?  Inductive  reasoning,  which  has 
carried  men  to  the  highest  acquirements 
in  physical  science,  is  here  laid  aside  ; 
conjectures  totally  inconsistent  with  the 
phenomena  of  life  are  employed  in  its 
stead  ;  and  the  useful  philosopher  be¬ 
comes  a  very  indifferent  physiologist. 


Chapter  III. 

Of  Sensibility. 

Under  this  head  are  comprehended, 
not  any  sentiment  or  feeling  of  the  mind, 
but  the  sensations  of  the  body. 

We  form  our  notions  of  sensibility 
from  that  of  the  skin  ;  and  it  is  no 
doubt  necessaiy  that  we  should  do  so. 
It  is  in  constant  communication  with 
things  around  us,  and  affected  by  their 
qualities ;  it  affords  us  information, 
which  corrects  the  notions  received  from 
the  other  organs  of  sense,  and  it  excites 
our  attention  to  preserve  our  bodies 
from  injury.  We  are  so  familiar  with 
the  painful  effects  of  injuries  upon  the 
surface,  that  there  is  nobody  who  does 
not  imagine  that  the  deeper  the  injury, 
the  more  dreadful  the  pain.  But,  on  the 
contrary,  it  is  a  well-established  fact, 
that  to  such  irritants  as  ■would  give  the 


skin  pain,  the  internal  parts  are  totally 
insensible.  And  it  is  equally  certain,  that 
though  the  nerves,  the  instruments  of 
sensation,  are  incapable  of  producing 
any  perception  without  the  brain,  yet 
the  brain  itself,  the  part  which  is  the 
seat  of  intellect,  and  to  which  every  im¬ 
pression  must  be  referred  before  we  be¬ 
come  conscious  of  it,  is  itself  as  insen¬ 
sible  as  leather.  These  considerations 
show  us  that  sensibility  to  pain,  is  not 
a  necessary  result  of  life,  and  they  na¬ 
turally  lead  to  the  inquiry  for  what  pur¬ 
pose  is  sensibility  bestowed,  and  how  is 
it  distributed  in  the  body  ? 

We  have  first  to  show  that  the  skin 
has  sensibilities  exactly  suited  to  the 
functions  it  has  to  perform.  Science  no 
doubt  informs  us,  that  warmth  and  cold 
are  only  relative  degrees  of  heat ;  to  the 
skin  they  are  distinct  sensations,  and 
excite  in  different  ways  both  the  mind 
and  the  bodily  functions.  Cold  braces 
and  animates  to  exertion,  whilst  the 
warmth  which  is  pleasant  to  us,  is  genial 
to  all  the  operations  of  the  animal  eco¬ 
nomy.  Their  alternations  are  the  most 
constant  sources  of  our  enjoyment,  and 
at  the  same  time  conduce  to  exertion 
and  to  health.  All  this,  however,  be¬ 
longs  to  the  skin  exclusively ;  parts 
internal,  although  peculiarly  sensible 
to  their  proper  stimulus,  give  no  in¬ 
dication  of  sensibility  to  heat ;  if  there 
be  internal  sensations  of  heat,  they 
are  morbid  and  deceptious.  Molten 
lead  would  produce  pain  and  death 
being  poured  into  the  interior  of  the 
body,  but  the  sensation  of  burning  is  a 
property  of  the  surface  only.  It  is  the  ex¬ 
cess  of  that  particular  sensation,  which 
is  calculated,  like  the  other  endowments 
of  the  skin,  to  suit  the  medium  in  which 
we  live,  and  to  force  us  to  the  regulation 
of  the  temperature  necessary  to  pre¬ 
serve  life. 

Touch,  or  the  sensibility  to  bodies  press¬ 
ed  upon  the  skin,  is  likewise  a  distinct 
and  appropriate  sense.  The  sensibility  of 
the  skin  to  pricking,  cutting,  or  tearing,, 
is  also  in  curious  contrast  with  the  sen¬ 
sibility  of  the  solid  internal  textures,  as 
bone,  cartilage,  and  ligament.  We  have 
arrived  at  the  full  comprehension  of  this 
subject  very  slowly.  Disagreeable  ex¬ 
periments  have  been  made,  but  the  fol¬ 
lowing  is  as  interesting  as  it  was  inno¬ 
cently  performed.  A  man  who  had  his 
finger  torn  off,  so  as  to  hang  1  y  the  ten¬ 
don  only,  came  to  a  pupil  of  Dr.  Hunter. 
“  I  shall  now  see,"  said  the  surgeon, 
“  whether  this  man  has  any  sensibility  in 
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his  tendon.’  He  laid  a  cord  along  the 
finger,  and,  blindfolding  the  patient,  cut 
across  the  tendon.  “  Tell  me,’’  he 
asked,  “what  I  have  cut  across?" 
“  Why,  you  have  cut  across  the  cord,  to 
be  sure,"  was  the  answer.  By  such  ex¬ 
periments  it  became  very  manifest,  that 
bone,  gristle,  and  ligament,  were  insen¬ 
sible  to  pricking,  cutting,  and  burning. 
Were  they,  therefore,  insensible  ?  The 
reader  will  answer — Surely,  it  is  a  matter 
proved.  But  before  we  finally  decide, 
let  us  take  this  into  consideration, — that 
the  sensibilities  of  the  body  differ  in 
kind  as  well  as  in  degree ;  and  every  part 
has  its  peculiar  kind,  as  well  as  its  de¬ 
gree  ;  and  every  part  has  its  kind  of  sen¬ 
sibility  with  reference  to  its  function, 
and  also  with  reference  to  its  protection 
from  violence.  If  the  membranes  be¬ 
tween  the  bones  of  our  great  joints,  or 
the  cords  which  knit  the  bones,  were 
sensible  in  the  same  manner  and  degree 
with  the  skin,  we  should  be  incapable 
of  motion,  and  screwed  to  our  seats  ;  as 
the  man  appears  to  be  who  has  a  violent 
attack  of  acute  rheumatism. 

But  although  these  bones  and  carti¬ 
lages,  or  gristles,  and  ligaments,  be  not 
sensible  as  the  skin,  or  the  surface  of 
the  eye,  they  possess  that  which  is  suited 
to  their  condition,  which  permits  their 
free  use,  and  yet  limits  that  too  free  ex¬ 
ercise  which  would  be  injurious  to  their 
textures,  or  raise  inflammation  in  them. 
The  ligaments  and  tendons,  then,  which 
are  insensible  to  pricking,  cutting,  and 
burning,  are  sensible,  nevertheless,  to 
stretching  and  tearing !  It  is  remarkable 
that  such  men  as  Dr.  Hunter  and  Haller, 
the  luminaries  of  their  science,  should 
have  held  the  opinion  that  the  bone  and 
the  membrane  which  covers  it  (the  peri¬ 
osteum),  the  gristles  or  cartilages,  the 
ligaments  of  joints,  and  the  tendons  of 
muscles  were  insensible  parts,  and  yet 
be  in  daily  attendance  on  those  who 
suffer  the  pain  of  a  sprained  ankle, 
where  there  are  no  parts  to  suffer  but 
those  enumerated,  and  where  the  pain, 
excessive  in  degree,  was  felt  in  the  in¬ 
stant  of  the  sprain.  These  considera¬ 
tions  explain  to  us  that  pain  is  the  safe¬ 
guard  of  the  body.  This  capacity  of 
conveying  painful  impressions  to  the 
mind  is  not  given  superfluously  to  all 
parts  ;  on  the  contrary  the  safe  exercise 
and  the  enjoyment  of  every  part  is 
permitted  without  alloy,  and  only  the 
excess  restrained. 

This  subject  is  finely  illustrated  by 
the  apparent  insensibility  of  the  heart. 
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The  observation  of  the  admirable  Har¬ 
vey,  the  discoverer  of  the  circulation 
of  the  blood,  is  to  this  effect.  A  noble 
youth  of  the  family  of  Montgomery, 
from  a  fall  and  consequent  abscess  on 
the  side  of  the  chest,  had  the  interior 
marvellously  exposed,  so  that  after 
his  cure,  on  his  return  from  his  tra¬ 
vels, .the  heart  and  lungs  were  still  visible 
and  could  be  handled ;  which  when 
it  was  communicated  to  Charles  I.,  he 
expressed  a  desire  that  Harvey  should 
be  permitted  to  see  the  youth  and  ex¬ 
amine  his  heart.  “  When,”  says  Har¬ 
vey,  “  I  had  paid  my  respects  to  this 
young  nobleman,  and  conveyed  to  him 
the  king's  request,  he  made  no  conceal¬ 
ment,  but  exposed  the  left  side  of  his 
breast,  when  I  saw  a  cavity  into  which 
1  could  introduce  my  fingers  and  thumb  ; 
astonished  with  the  novelty,  again  and 
again  I  explored  the  wound,  and  first 
marvelling  at  the  extraordinary  nature 
of  the  cure,  I  set  about  the  examination 
of  the  heart.  Taking  it  in  one  hand 
and  placing  the  finger  of  the  other  on 
the  pulse  at  the  waist,  I  satisfied  myself 
that  it  was  indeed  the  heart  which  I 
grasped.  I  then  brought  him  to  the 
king  that  he  might  behold  and  touch  so 
extraordinary  a  thing,  and  that  he  might 
perceive,  as  I  did,  that  unless  when  we 
touched  the  outer  skin,  or  when  he  saw 
our  fingers  in  the  cavity,  this  young 
nobleman  knew  not  that  we  touched 
the  heart !"  Other  observations  confirm 
this  great  authority,  and  the  heart  is 
declared  insensible.  And  yet  theopinions 
of  mankind  must  not  be  lightly  con¬ 
demned.  Not  only  does  every  emotion 
of  the  mind  affect  the  heart,  but  every 
change  in  the  condition  of  the  body  is 
attended  with  a  corresponding  change 
in  the  heart :  motion  during  health 
the  influence  of  disease — every  passing 
thought  will  influence  it.  Here  is  the 
distinction  manifested.  The  sensibility 
of  the  skin  is  for  a  purpose,  and  so  is 
the  sensibility  of  the  heart.  Whilst  the 
skin  informs  us  of  the  qualities  of  the 
external  world  and  guards  us  against 
injury  from  without,  the  heart,  insensible 
to  touch,  is  yet  alive  to  every  variation 
in  the  constitutional  powers,  and  subject 
to  change  from  every  internal  influence. 

There  is  in  the  several  organs  of 
the  body,  as  it  were,  a  distinct  life ;  that 
is,  they  possess  sensibility,  the  grand  en¬ 
dowment  of  life,  necessary  to  their  con¬ 
dition  and  adapted  to  their  appropriate 
stimulus.  The  impressions  made  upon 
them  will  sometimes  rouse  them  into 
E  2 
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activity,  or  call  muscles  into  action 
which  are  necessary  to  their  functions 
or  for  their  protection ;  and  this  often¬ 
times  without  reference  to  the  mind  at 
all,  and  consequently  without  our  con¬ 
sciousness. 

Perhaps  we  have  the  most  agreeable 
example  of  this  in  the  eye.  That  organ 
has  been  selected,  in  the  Preliminary 
Discourse  of  the  Objects  and  Pleasures 
of  Science,  as  showing  how  mechanical 
advantage  is  taken  in  the  arrangement 
of  the  muscles  to  produce  velocity  of 
movement  in  guarding  the  eye.  But  this 
fine  mechanism  would  be  lost  if  the  ex¬ 
citement  depended  on  our  will, — if  there 
were  not  a  sensibility  appropriate  to  the 
action,  and  an  influence  quicker  than 
thought.  It  is  not  by  feeling  the  pain  of 
the  offensive  body,  or  by  estimating  its 
dangers  and  acting  on  the  conviction,  that 
we  close  the  eye  to  avoid  injuries.  This 
would  be  an  operation  all  too  slow  for 
the  intended  purpose  ;  and  therefore  the 
muscles,  possessing  these  extraordinary 
provisions,  are  put  in  relation  with  a 
sensibility  more  admirable  still.  So  when 
a  light  foreign  body  touches  the  eye¬ 
lashes,  they  give  alarm,  and  cause  a 
motion  both  of  the  eyelids  and  eyeball 
quicker  than  thought.  The  eyelashes, 
seated  on  the  tender  extremities  of  sen¬ 
sitive  nerves,  preserve  the  eye  in  two 
ways — by  guarding  its  interior  from 
the  lateral  light,  and  by  exciting  the 
motion  of  the  eyelids,  even  before  the 
offensive  body  can  touch  the  eye’s  sur¬ 
face. 

We  may  take  another  illustration  to 
show  how  sensibility,  one  of  the  endow¬ 
ments  of  the  living  part,  is  adapted  to 
the  mechanical  organization,  and  with 
an  appropriation  more  admirable  than 
the  mechanism.  When  we  speak  of  the 
sensibility  of  the  skin,  it  is  still  possible 
to  misconceive  its  nature,  and  to  sup¬ 
pose  it  accident  merely ;  but  in  the  in¬ 
stance  to  be  adduced,  the  sensibility  is 
different,  and  it  is  put  in  connection 
with  a  hundred  muscles  ;  without  this 
high  and  peculiar  sensibility,  and  its 
multiplied  relations  to  muscles,  inde¬ 
pendent  of  volition,  the  mechanism  we 
are  about  to  describe  would  be  quite 
useless. 

The  top  of  the  windpipe  is  called  the 
larynx,  and  consists  of  five  elastic  car¬ 
tilages.  These  do  not  merely  keep  the 
sides  of  the  windpipe  apart,  and  the  pas¬ 
sage  for  the  breath  free,  but  they  per¬ 
form  offices  important  to  the  economy 
both  of  body  and  mind  ;  they  are  an 


essential  part  of  the  instrument  of  voice  ; 
they,  at  the  same  time,  guard  the  lungs 
from  injury. 

Fig.  24. 


The  thyroid  cartilage  is  the  largest 
of  the  cartilages  of  the  larynx,  it  is  that 
we  feel  projecting  on  the  fore  part  of 
the  throat,  called  th eponnim  adami,  (A.) 
It  is  a  protection  to  the  fine  apparatus 
behind  it,  and  indeed  this  is  the  reason 
of  its  name,  ( scutiform ,  like  a  shield.) 
Within  the  thyroid  stand  the  arytccnoid 
cartilages,  (B.)  This  cartilage  is  of  an 

Fig.  25. 


irregular  triangular  form.  It  is  socketed 
or  articulated  on  the  cartilage  below,  and 
is  perfectly  movable.  To  the  corner 
which  projects  forwards  theligament  (B) 
is  fixed,  and  to  its  other  sides  five  little 
muscles  are  attached  ;  these  muscles,  by 
moving  the  cartilage,  draw  and  vaiy 
the  position  of  the  ligament.  It  is  these 
cartilages  and  this  ligament,  which,  vi¬ 
brating  in  the  stream  of  air,  give  the 
tremor,  and  vocalize  the  breath ;  the 
tones  so  produced  are  articulated  in 
speech. 

This  is  a  subject  far  from  being  ex¬ 
hausted  in  our  philosophical  works,  and 
may  call  for  observation  afterwards  ; 
but  at  present  we  may  look  on  these 
ligaments,  not  as  the  cordce  vocales,  but 
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in  another  of  their  offices — forming  the 
slit  which  opens  and  shuts  in  breathing, 
for  the  protection  of  the  lungs.  But 
here  it  is  pertinent  to  remark,  that  in  the 
structure  of  an  animal  body  one  organ 
is  made  subservient  to  several  functions, 
without  interference  in  the  performance 
of  any  of  them.  This  is  especially  true 
of  the  larynx.  It  is  one  of  those  uses 
only,  and  the  least  important,  that  we 
have  at  present  to  observe. 

The  ligaments  being  invested  with 
the  lining  coat,  or  membrane  of  the 
wind -pipe,  draw  it  into  the  form  of  a 
slit  like  the  till  of  a  shop  counter,  and 
this  is  the  chink  of  the  glottis  (rima 
glottidis.)  This  slit  opens  and  closes 
with  every  inspiration,  moving  as  we 
see  the  nostrils  do  in  breathing.  But 
the  most  admirable  thing  of  all  is  the 
acute  sensibility  given  to  this  part,  and 
to  no  other,  so  that  the  lightest  husk, 
or  seed,  or  smallest  fly,  drawn  in  with 
the  breath,  and  touching  the  margin  of 
the  chink,  is  caught  there  by  the  rapid 
action  of  the  muscles  and  consequent 
closing  of  the  aperture.  Now  were  the 
provision  for  the  protection  of  the  lungs 
to  be  only  thus  far  perfect,  there  would 
be  an  effectual  means  of  preventing  the 
intrusion  of  foreign  matter  into  the  de¬ 
licate  cells  of  the  lungs,  but  not  for  its 
expulsion  from  the  entrance  which  it 
had  reached.  Accordingly,  although 
the  sensibility  of  the  glottis  is  put  in 
operation  with  the  shutting  of  the  chink, 
it  also  animates  another  class  of  muscles; 
viz.  all  those  which,  seated  on  the  chest, 
compress  it,  and  force  out  the  air  in 
coughing  ;  and  these  combining  in  one 
powerful  and  simultaneous  effort, 
whilst  the  glottis  is  closed,  overcome 
that  constriction,  and  propel  the  breath 
through  the  contracted  pipe  with  an 
explosive  force,  which  brushes  oft 
the  offending  body.  There  is  one  thing 
more,  necessary  to  this  most  important 
though  familiar  action ; — the  lungs  are 
never  empty  of  air ;  in  breathing  we 
do  not  fully  expel  the  air;  if  we  did, 
there  would  be  a  period  of  danger 
occurring  1 7  times  in  a  minute ;  for 
in  the  first  part,  of  each  inspiration 
something  might  be  drawn  into  the 
wind-pipe,  which  would  suffocate.  But 
by  this  provision  of  air  retained  in  the 
lungs  more  than  necessary  to  respira¬ 
tion,  and  which  it  is  possible  to  expel 
by  a  more  forcible  expiration,  there  is 
always  a  possibility  of  coughing  and 
expelling  the  offensive  thing  at  any 
point  of  time  in  the  act  of  inspiration. 


The  sensibility  seated  in  a  spot  of  the 
throat  so  beneficently,  does  net  extend 
into  the  wind-pipe ;  for  we  cannot  more 
admire  the  perfect  adaptation  of  this 
living  property,  than  the  circumstance 
of  its  never  being  bestowed  in  a  super¬ 
fluous  degree,  n6r  extended  where  it  is 
not  absolutely  required.  Just  as  the 
sensibility  of  the  skin  protects  the  parts 
beneath,  so  in  the  same  manner  does  the 
sensibility  of  the  top  of  the  wind-pipe 
protect  all  the  interior  of  the  tube,  and 
the  lungs  themselves,  without  the  neces¬ 
sity  of  this  property  of  irritability  ex¬ 
tending  through  the  whole  continuous 
surface. 

The  simple  act  of  sneezing  affords  a 
very  curious  instance  of  the  mutual 
adaptation  of  muscular  activity  and  the 
governing  sensibility.  The  sensation 
which  gives  rise  to  this  convulsive  act, 
is  seated  in  the  membrane  of  the  inte¬ 
rior  of  the  nostrils,  and  we  are  not  sur¬ 
prised  with  the  difference  of  sensation 
from  that  in  the  throat  which  excites 
coughing.  But  is  it  not  a  very  curious 
thing  to  find  some  twenty  muscles 
thrown  out  of  the  action  excited  by  ir¬ 
ritation  of  the  nose ;  and  as  many  ex¬ 
cited  which  were  not  in  the  class  of 
those  influenced  in  coughing ;  and  for 
the  very  obvious  purpose  of  shutting 
the  passage  by  the  mouth,  or  at  least 
forcibly  driving  the  air  through  the  nos¬ 
trils  ?  No  act  of  the  will  could  so  suc¬ 
cessfully  propel  the  air  through  the 
nose  in  such  .a  way  as  to  remove  the 
offensive  and  irritating  particles  from 
the  membrane  of  the  nose,  and  clear 
those  passages. 

These  last  examples  of  an  appropriate 
sensibility  might  introduce  us  to  an  ac¬ 
quaintance  with  those  internal  sensibi¬ 
lities  which  govern  the  actions  of  parts 
quite  removed  from  the  influence  of  the 
will ;  but  the  description  of  them  may 
be  deemed  unnecessary.  We  shall  just 
hint  at  the  guard  which  nature  has 
placed  on  the  lower  orifice  of  the  sto¬ 
mach,  to  check  the  passage  which  the 
appetites  of  hunger  and  thirst  may 
have  given  at  the  upper  orifice  (A) 
to  aliments,  not  easy  of  digestion. 
This  lower  orifice  (C)  is  encircled  with  a 
muscular  ring  ;  the  ring  is  in  the  keep¬ 
ing  of  a  watchful  guard.  If  we  are  em¬ 
ploying  the  language  of  metaphor,  it  is 
of  ancient  use.  The  Greeks  called  this 
orifice  pylorus,  which  signifies  a  porter,* 

#  The  upper  orifice  was  called  by  them  oesophagus, 
as  it  were  the  purveyor,  from  two  words  signifying 
to  bring  food. 
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and  his  office  is  this. — When  the  sto¬ 
mach  has  received  the  food,  it  lies  to¬ 
wards  the  left  extremity,  or  is  slightly 
agitated  there.  When  the  digestive  pro¬ 
cess  is  accomplished,  the  stomach  urges 
the  food  towards  the  lower  orifice.  If 
the  matter  be  bland  and  natural  it 
passes,  and  no  sensation  is  experienced. 
But  if  crude  and  undigested  matter  be 
presented,  opposition  is  offered  to  its 
passage,  and  a  contention  is  begun  which 
happily  terminates  in  the  food  being 
thrown  again  to  the  left  extremity  of  the 
stomach,  to  be  submitted  to  a  more  per¬ 
fect  operation  of  the  digestive  powers 
seated  there.  It  is  during  this  unna¬ 
tural  retrograde  movement  of  the  food, 
that  men  are  made  sensible  of  having  a 
stomach.  Yet  the  sensations,  how  un¬ 
pleasant  soever,  are  not  to  be  regarded 
as  a  punishment,  but  rather  as  a  call  on 
reason  to  -aid  the  instinctive  powers, 
and  to  guard  against  disease,  by  pre¬ 
venting  impure  matter  from  being  ad¬ 
mitted  into  the  portion  of  the  intestinal 
canal,  which  absorbs,  and  would  thus 
carry  those  impurities  into  the  blood  to 
engender  disease. 

Such  are  a  few  examples  of  the  va¬ 
riety  in  the  sensibilities  of  the  animal 
frame ;  guarding  us  against  external 
influences  when  they  would  threaten 
destruction  to  the  framework,  and  ad¬ 
justing  the  operations  of  internal  parts 
too  complicated  and  too  remotely  situ¬ 
ated  for  the  superintendence  of  reason. 

Medical  authors,  without  being  em¬ 
pirics,  do,  notwithstanding,  take  great 
advantage  of  our  ignorance.  We  can 
all  of  us  take  warning  from  the  sen¬ 
sations  experienced  in  the  process  of 


digestion,  and  there  can  be  no  harm  in 
giving  every  man  a  confidence  in  the 
sensibility  of  his  stomach,  and  in  its 
indications  of  healthy  or  disturbed  func¬ 
tions,  We  have  the  best  proof  of  what 
we  wish  to  inculcate  in  the  action  of  the 
ruminating  stomach.  A  cow  swallows 
the  gross  herbage,  and  fills  its  large  first 
stomach.  When  it  chews  the  cud,  the 
stomach,  by  its  action,  rolls  up  the 
grass  into  distinct  pellets,  or  balls,  with 
as  much  regard  to  the  office  of  its  being 
rejected  into  the  mouth,  as  we  do  in 
masticating  for  swallowing.  When  the 
ball  is  brought  into  the  mouth  and 
chewed,  it  is  again  swallowed ;  but  in 
descending  into  the  lower  part  of  the 
gullet  a  muscle  draws  close  the  aper¬ 
ture  by  which  it  passed  into  the  large 
stomach  in  the  first  instance,  and  it  is 
now  ushered  into  a  second  stomach, 
and  so  successively  onwards  to  that  sto¬ 
mach  in  which  the  digestion  is  per¬ 
formed.  The  curious  muscular  apparatus 
by  which  this  is  accomplished  needs 
not  be  described ;  but  surely  the  sensi¬ 
bility  which  directs  it,  which,  kept  apart 
altogether  from  the  will,  is  yet,  in  its 
results,  so  like  the  operations  of  reason, 
presents  a  subject  of  just  admiration. 

The  elastic  structure  of  the  camel's 
foot ;  the  provision  around  its  eyes  for 
ridding  them  of  offensive  particles  ;  the 
power  of  closing  its  nostrils  against  the 
clouds  of  sand  ;  and  its  endurance  of 
fatigue — would  not  enable  it  to  pass  the 
desert,  unless  there  were  provisions  for 
the  lodgment  of  water  in  its  stomach, 
and  unless  this  apparatus  were  animated 
by  peculiar  sensibilities  ;  for  there  are 
muscles  to  retain  the  fluid  in  the  cells  of 
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its  stomach,  only  permitting  it  to  ooze 
out  according  to  the  necessities  of  the 
animal ;  and  there  is  a  muscle,  repre¬ 
sented  in  the  fig.  above,  which  pulls 
up  the  one  or  the  other  of  the  ori¬ 
fices  of  the  different  stomachs  to  re¬ 
ceive  the  food  from  the  lower  end  of  the 
gullet,  according  to  its  condition,  whe¬ 
ther  to  be  deposited  merely  as  in  a  store, 
or  to  be  submitted  to  the  operation  of 
digestion. 

The  surprising  thing  in  all  this,  is  not 
so  much  the  mechanical  provision  as  the 
governing  sensibility.  What,  for  exam¬ 
ple,  should  in  the  first  place  impel  the 
grosser  food,  when  collected,  into  the  first 
stomach  ?  What  should,  in  the  next 
place,  and  after  rumination  and  mastica¬ 
tion  in  the  mouth,  carry  it  into  the  third 
stomach;  since  water  is  carried  into 
neither  of  these,  but  into  the  cells  of 
the  second  stomach  ? 

Yet,  after  all,  this  only  brings  us  back 
to  a  sense  of  the  operations  of  our  own 
bodies.  The  act  of  swallowing,  the 
propulsion  of  the  food  into  the  gullet, 
and  the  temporary  closing  of  the  wind¬ 
pipe  at  such  a  time,  is  just  as  surprising. 
This  latter  operation  is  never  deranged 
but  by  the  interference  of  the  will.  If 
the  individual  attempts  to  speak,  that  is, 
to  govern  these  parts  by  the  will,  when 
they  should  be  left  to  these  instinctive 
operations  ;  or  if  terror,  or  some  such 
mental  excitement,  prevail  at  the  mo¬ 
ment  of  swallowing,  then  the  morsel 
may  stick  in  the  throat. 

All  this  shows  how  perfect  the  opera¬ 
tions  of  nature  are.,  and  how  well  it  is 
provided  that  the  vital  motions  should 
be  withdrawn  from  the  control  of 
reason,  and  even  of  volition,  and  sub¬ 


jected  to  a  more  uniform  and  certain 
law. 

But  the  point  to  which  we  would 
carry  the  reader  is  this,  that  though 
there  are  the  proper  sensibilities  of  the 
body,  with  reference  to  perception  or 
consciousness,  yet  there  are  others'  no 
less  curious,  which  control  the  internal 
operations  of  the  economy ;  and  that 
the  mechanical  provisions  are  but  a 
type  of  what  is  promised  to  him  who 
will  look  into  the  sensibilities  of  the  body 
for  the  proof  of  power  and  contrivance. 

Now'  the  human  stomach,  though 
not  so  complicated  in  its  apparatus  of 
macerating  and  digesting  vats,  is  pos¬ 
sessed  of  a  no  less  wonderful  degree  of 
governing  sensibility,  which  may  be 
trusted  as  surely  as  the  most  skilful 
physiologist. 

We  are  tola  that  we  must  not  drink 
at  meals,  lest  the  fluid  interfere  with  the 
operation  of  digestion ;  of  this  there 
need  be  no  apprehension.  The  sto¬ 
mach  separates  and  lets  off  with  the 
most  curious  skill,  all  superfluous  fluid 
through  its  orifice,  while  it  retains  the 
matter  fit  for  digestion.  It  retains  it 
in  its  left  extremity,  permitting  the  fluid 
to  pass  into  the  intestines,  there  to  sup¬ 
ply  the  other  wants  of  the  system  no 
less  important  than  the  digestion.  The 
veterinary  professor  Coleman,  ascer¬ 
tained  that  a  pail  of  water  passed 
through  the  stomach  and  intestines  of  a 
horse,  at  the  rate  of  ten  feet  in  the 
minute,  until  it  reached  the  caecum. 
Drinking  at  a  stated  period  after  meals, 
say  an  hour,  is  at  variance  with  both  ap¬ 
petite  and  reason.  The  digestion  is  then 
effectually  interfered  with ;  for  what 
was  solid  has  become  a  fluid, (the  chyme. 
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This  fluid  is  already  in  part  assimi¬ 
lated  ;  it  has  undergone  the  first  of  those 
changes  which  fit  it  ultimately  to  be  the 
living  blood;  and  the  drink  mixing 
with  this  chyme  in  the  inferior  extremity 
of  the  stomach,  or  first  intestine,  must 
produce  disturbance,  and  interrupt  the 
work  of  assimilation. 

Looking  in  this  manner  upon  the 
very  extraordinary  properties  of  fhe  sto¬ 
mach,  we  perceive  how  natural  it  was 
for  physicians  to  give  a  name  to  the 
sensibility  of  which  we  have  been 
speaking.  The  Archeus  of  Vanhel- 
mont,  the  Anima  of  Stahl,  were  the 
terms  used  to  designate  this  nature, 
principle,  or  faculty,  subordinate  to, 
and  distinct  from  perception  ; — a  no¬ 
tion  entertained,  and  more  or  less  dis¬ 
tinctly  hinted  at,  by  philosophers  from 
Pythagoras  to  John  Hunter. 

A  modern  philosopher,*  of  whom,  in 
this  instance,  it  would  be  difficult  to 
say  whether  he  be  serious  or  playful, 
with  some  plausibility,  however,  asserts 
that  it  might  be  possible  to  carry  on  the 
business  of  life  without  pain.  If  ani¬ 
mals  can  be  free  from  it  an  hour,  they 
might  enjoy  a  perpetual  exemption  from 
it.  Animals  might  be  constantly  in  a 
state  of  enjoyment ;  instead  of  pain, 
they  might  feel  a  diminution  of  pleasure, 
and  might  thus  be  prompted  to  seek 
that  which  is  necessary  to  their  existence. 

In  the  lower  creatures,  governed  by 
instinct,  there  may  be,  for  ought  we 
know,  some  such  condition  of  existence. 
But  the  complexity  and  delicacy  of  the 
human  frame  is  necessary  for  sustain¬ 
ing  those  powers  or  attributes  which 
are  in  correspondence  with  superior  in¬ 
telligence  ;  since  they  are  not  in  rela¬ 
tion  to  the  mind  alone,  but  intermediate 
between  it  and  the  external  material 
world.  Grant  that  vision  is  necessary 
to  the  developement  of  thought,  the  or¬ 
gan  of  it  must  be  formed  with  relation 
to  light.  Speech,  so  necessary  to  the 
developement  of  the  reasoning  faculties, 
implies  a  complex  and  exceedingly  de¬ 
licate  organ,  to  play  on  the  atmosphere 
around  us.  It  is  not  to  the  mind,  that 
the  various  organizations  are  wanted, 
but  to  its  condition  in  relation  to  a  ma¬ 
terial  world. 

The  necessity  of  this  delicate  struc¬ 
ture  being  admitted,  it  must  be  pre¬ 
served  by  the  modifications  of  sensibi¬ 
lity,  which  shall  either  instinctively  pro¬ 
tect  the  parts,  or  rouse  us  into  powerful 

•  Hume, 


and  instantaneous  activity.  Could  the 
eye  guard  itself,  unless  it  possessed  sen¬ 
sibility  greater  than  the  skin  ?  Could  it 
guard  itself,  unless  this  sensibility  were 
in  consent  with  an  apparatus  which 
acted  as  quick  as  thought  ?  Could  we, 
by  the  mere  influence  of  pleasure,  or 
by  any  cessation  or  variation  of  plea¬ 
surable  feelings,  be  made  alive  to  those 
injuries  which  might  reach  the  lungs 
by  substances  being  carried  in  with  the 
air  we  breathe  ?  Is  there  anything  but 
the  sense  which  gives  rise  to  the  appre¬ 
hension  of  suffocation,  that  would  pro¬ 
duce  the  instant  and  sudden  effort  which 
could  guard  the  throat  from  the  intru¬ 
sion  of  what  was  offensive  or  injurious. 
Pleasure  is  at  the  best  a  poor  motive  to 
exertion,  and  rather  induces  to  languor 
and  indulgence,  and  at  length  indiffer¬ 
ence.  To  say  that  animals  might  be 
continually  in  a  state  of  enjoyment,  and 
that  when  urged  by  the  necessities  of 
nature,  such  as  thirst,  hunger,  and 
weariness,  they  might  only  feel  a  dimi¬ 
nution  of  pleasure,  is  not  only  to  alter 
man's  nature,  but  external  nature  also  ; 
for,  whilst  there  are  earth,  rocks,  woods, 
and  water  for  our  theatre  of  existence, 
the  textures  of  our  bodies  must  be  ex¬ 
posed  to  injuries,  from  which  they 
can  only  be  protected  by  a  sensibility 
adapted  to  each  part,  and  capable  of 
rousing  us  to  the  most  animated  exer¬ 
tions.  Take  away  pain,  and  take  also 
away  the  material  world,  by  which  we 
are  continually  threatened  with  injury, 
and  what,  after  all,  is  this,  but  imagining 
a  future  state  of  existence,  instead  of 
that  in  which  mind  and  matter  are  com¬ 
bined?  If  all  were  smooth  in  our  path, 
if  there  were  neither  rugged  places  nor 
accidental  opposition,  whence  should  we 
derive  those  affections  of  our  minds, 
which  we  call  enterprise,  fortitude,  and 
patience  ? 

Independent  of  pain,  which  protects 
us  more  powerfully  than  a  shield, 
there  is  inherent  in  us,  and  for  a  similar 
purpose,  an  innate  horror  of  death. 
“  And  what  thinkest  thou  (said  So¬ 
crates  to  Aristodemus)  of  this  continual 
love  of  life,  this  dread  of  dissolution, 
which  takes  possession  of  us  from  the 
moment  that  we  are  conscious  of  exist¬ 
ence?”  “  I  think  of  it,  (answered  he,) 
as  the  means  employed  by  the  same 
great  and  wise  artist,  deliberately  deter¬ 
mined  to  preserve  what  he  has  made.” 

The  reader  will  no  doubt  here  ob¬ 
serve  the  distinction.  We  have  experi¬ 
ence  of  pain  from  injuries,  and  learn  to 
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avoid  them  ;  but  we  can  have  no  experi¬ 
ence  of  death,  and  therefore  the  Author 
of  our  being  has  implanted  in  us  an  in¬ 
nate  horror  at  dissolution ;  and  we  may 
see  this  principle  extended  through  the 
whole  of  animated  nature.  Where  it 
is  possible  to  be  taught  by  experi¬ 
ence,  we  are  left  to  profit  by  it,  but 
where  we  can  have  none,  feelings  are  en¬ 
gendered  without  it.  And  this  is  all  that 
was  necessary  t  o  show  how  the  life  is 
guarded ;  sometimes  by  mechanical 
strength,  as  in  the  skull ;  sometimes 
by  acute  sensation,  as  in  the  skin  and 
in  the  eye ;  sometimes  by  innate  affec¬ 
tions  of  the  mind,  as  in  the  horror  of 
death,  which  will  prevail  as  the  voice  of 
nature,  when  we  can  no  longer  profit  by 
experience. 

But  the  highest  proof  of  benevolence 
is  this,  that  we  have  the  chiCfest  source 
of  happiness  in  ourselves.  Every  crea¬ 
ture  has  pleasure  in  the  mere  exercise 
of  his  body,  as  well  as  in  the  languor 
and  repose  that  follow  exertion ;  but 
these  conditions  are  so  balanced,  that 
we  are  impelled  to  change,  and  every 
change  is  an  additional  source  of  enjoy¬ 
ment.  What  is  apparent  in  the  body,  is 
true  of  the  mind  also.  The  great 
source  of  happiness  is  to  be  found  in 
the  exercise  of  talents,  and  perhaps  the 
greatest  of  all  is  when  the  ingenuity  of 
the  mind  is  exercised  in  the  dexterous 
employment  of  the  hands.  Idle  men 
do  not  know  what  is  meant  here ;  but 
nature  has  implanted  in  us  this  stimulus 
to  exertion,  that  she  has  given  to  the 
ingenious  artist — the  man  who  invents, 
and  with  his  hands  creates,  a  source  of 
delight,  perhaps  greater,  certainly  more 
uninterrupted,  than  belongs  to  the  pos¬ 
session  of  higher  intellectual  powers, 
and  far  beyond  any  that  falls  to  the 
lot  of  the  minion  of  fortune. 

We  believe  that  every  thinking  per¬ 
son  may  have  wherewithal  in  his  own 
sphere  to  tutor  him,  and  bring  him  to 
the  temper  of  mind  and  belief  which 
we  would  inculcate.  Yet  there  is  some¬ 
thing  peculiarly  appropriate  in  the  study 
of  our  own  bodies.  In  chemistry  we 
are  so  much  the  agents  as  to  forget  the 
law,  and  the  law  itself  seems  at  least  to 
intermit.  But  in  the  changes  w'rought 
in  the  animal  frame,  the  directing  power 
is  uniform  in  its  influence,  and  holds  all 
in  harmony  of  action. 

We  now  learn  without  difficulty  and 
without  mystery,  what  is  meant  by  or¬ 
ganic  and  animal  sensibility.  The  first 
is  that  condition  of  the  living  organ, 


which  makes  it  sensible  of  an  impres¬ 
sion,  on  which  it  reacts  and  performs 
its  functions.  It  appears  from  W'hat 
has  preceded,  that  this  sensibility  may 
cause  the  blowing  of  a  flower,  or  the 
motion  of  a  heart.  The  animal  sensi¬ 
bility  is  indeed  an  improper  term,  be¬ 
cause  it  would  seem  to  imply  that  its 
opposite,  organic  sensibility,  was  not 
also  animal ;  but  it  means  that  impres¬ 
sion  which  is  referred  to  the  sensorium  ; 
where,  (when  action  is  excited,)  percep¬ 
tion  and  the  effort  of  the  will  are  inter¬ 
mediate  agents  between  the  sensation 
and  the  action  or  motion. 

We  may  sum  up  the  inquiry  into  sen¬ 
sibility  and  motion  thus - 

1.  The  peculiar  distinction  of  a  living 
animal  is,  that  its  minute  particles  are 
undergoing  a  continual  change  or  revo¬ 
lution  under  the  influence  of  life.  Phi¬ 
losophers  have  applied  no  term  to  these 
motions. 

2.  An  organ  possessed  of  an  appro¬ 
priate  muscular  texture,  and  of  sensibi¬ 
lity  in  accordance  with  the  moving  in- 
si  rument,  as  the  heart,  or  the  stomach, 
has  the  power  of  action  without  reference 
to  the  mind.  The  term  automatic,  some¬ 
times  given  to  those  motions,  conveys  a 
wrong  idea  of  the  source  of  motion,  as  if, 
instead  of  being  a  living  power,  it  were 
consequent  upon  some  elastic  or  me¬ 
chanical  property. 

3.  There  are  sensibilities  bestowed 
on  certain  organs,  and  holding  a  con¬ 
trol  over  a  number  of  muscles,  which 
combine  them  in  action  in  a  manner 
greatly  resembling  the  influence  of  the 
mind  upon  the  body,  yet  independent  of 
the  mind ;  as  the  sensibility  which  com¬ 
bines  the  muscles  in  breathing. 

4.  In  the  last  instance  a  large  class 
of  muscles  were  combined  without  vo¬ 
lition.  But  the  whole  animal  fabric  may 
be  so  employed;  as  in  the  instinctive 
operations  of  animals,  where  there  is  an 
impulse  to  certain  actions  not  accom 
panied  by  intelligence. 

5.  A  motive  must  exist  before  there 
are  voluntary  actions,  and  hence  philo¬ 
sophers  have  supposed  that  there  can 
be  nothing  but  instinctive  actions  in  a 
new-born  child.  But  we  must  distin¬ 
guish  here  what  are  perfect  at  first,  and 
what  are  imperfect  and  irregular,  and  be¬ 
come  perfect  by  use  and  the  direction 
of  the  will.  The  act  of  swallowing  is 
perfect  from  the  beginning.  The  motions 
of  the  legs  and  arms,  and  the  sounds  of 
the  voice  are  irregular  and  weak,  and 
imperfectly  directed.  It  is  the  latter 
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which  improve  with  the  mind.  From 
not  knowing  the  internal  structure,  and 
the  arrangement  of  the  nerves,  philo¬ 
sophers,  as  Hartley,  supposed,  that  an 
instinctive  motion,  such  as  swallowing, 
may  become  a  voluntary  act.  Volition 
in  the  act  of  swallowing,  consists  merely 
inputting  the  morsel  within  the  instinc¬ 
tive  grasp  of  the  fauces,  when  a  series 
of  involuntary  actions  commence,  over 
which  we  have  no  more  control  in  ma¬ 
ture  age,  than  in  the  earliest  infancy. 
Swallowing  is  not  a  voluntary  action, 
and  the  thrusting  the  morsel  back  with 
the  tongue,  is  like  putting  the  cup  to 
the  lip.  It  is  the  preparation  for  the 
act  of  swallowing  that  is  voluntary, 
but  over  the  act  itself,  we  have  no 
control. 

It  is  an  error  to  suppose  that  all 
muscular  actions  are,  in  the  first  in¬ 
stance,  involuntary,  and  that  over  some 
of  them  we  acquire  a  voluntary  power. 
The  power  of  volition  over  the  mus¬ 
cles  of  the  body,  is  provided  for  by 
appropriate  nerves,  and  no  apparatus 
which  is  not  supplied  with  that  par¬ 
ticular  class  of  nerves,  can  ever,  by 
any  exercise  or  study,  become  subject 
to  volition.  A  child’s  face  has  a  great 
deal  of  motion  in  it,  very  diverting  from 
its  resemblance  to  expression,  before 
there  can  be  any  real  motive  to  the 
action.  It  will  crow,  and  make  strange 
sounds,  before  there  is  an  attempt  at 
speech.  But  this  gradual  developement 
of  intelligence  and  acquisition  of  power 
ought  not  to  be  called  the  will  attaining 
influence  over  involuntary  muscles ;  since, 
in  fact,  the  apparatus  of  nerves  and 
muscles  is  prepared  and  waits  for  the 
direction  of  the  mind  with  so  perfect  a 
readiness,  as  to  fall  into  action  and  just 
combination,  before  that  condition,  or 
affection  of  the  mind  which  should  pre¬ 
cede  the  action,  takes  place.  A  child 
smiles  before  any  thing  incongruous  can 
enter  the  mind,  before  even  pleasure 
can  be  supposed  a  condition  of  the  mind. 
Indeed,  the  smile  on  an  infant's  face 
is  first  perceived  in  sleep. 

6.  All  the  motions  enumerated 
above,  are  spontaneous  motions  be¬ 
longing  to  the  internal  economy;  but 
the  external  relations  of  the  animal, 
the  necessity  of  escaping  from  injury, 
or  warding  off  violence,  require  a  sen¬ 
sibility  suited  to  those  outward  impres¬ 
sions, and  an  activity  consequent  on  voli¬ 
tion.  Nothing  less  than  perceptions  of 
the  mind,  and  voluntary  acts,  suited  to 
a  thousand  circumstances  of  relation, 


could  preserve  the  higher  classes  of 
animals,  and  man  above  all  others,  from 
destruction. 

All  these  provisions  proceed  from  an 
arrangement  of  nerves  and  muscles. 
The  mechanical  adjustment  of  the  mus¬ 
cles  and  tendons,  is  perfect  according 
to  the  principles  of  mechanics.  The 
muscles  themselves  possess  a  different 
property ;  they  are  irritable  parts ;  mo¬ 
tion  originates  in  them.  This  living 
property  of  contraction  is  admirably 
suited,  in  each  particular  muscle,  to 
the  office  it  has  to  perform.  In  some  it 
is  suitable  that  the  muscles  should  act 
as  rapidly  as  the  bowstring  on  the 
arrow ;  in  others  the  action  is  slow  and 
regular ;  in  others  it  is  irregular,  and  after 
long  intervals,  according  as  the  functions 
to  which  they  are  subservient  require. 
The  motions  of  the  limbs,  the  motions 
of  the  eye,  those  of  the  heart  and 
arteries,  stomach  and  bowels,  are  all 
different.  This  appropriation  of  action 
is  not  in  the  muscles  themselves,  but  as 
they  stand  in  relation  to  the  nervous 
system,  and  the  sensibilities  which  im¬ 
pel  them. 

We  hope,  then,  by  the  course  we 
have  taken,  that  we  have  carried  the 
reader  to  a  higher  sense  of  the  perfec¬ 
tion  of  the  animal  structure.  We  first 
drew  him  to  observe  provisions  in  the 
strengthening  of  the  bones,  the  adjust¬ 
ment  of  their  extremities  to  the  joints, 
the  course  of  the  tendons,  and  other 
such  mechanical  appliances,  proving  to 
him  the  existence  of  intention  in  the 
formation  of  the  solid  fabric  of  the  body. 
We  have  then  explained  how  that  mo¬ 
tion  is  produced  which  was  at  all  times 
familiar  to  him,  but  even  the  imme¬ 
diate  causes  of  which  he  did  not  com¬ 
prehend.  We  have,  in  the  last  place, 
shown  him  that  under  the  term  life  he 
has  a  still  more  admirable  subject  of 
contemplation  in  the  adjustment  of 
those  living  properties ;  in  the  sensibi¬ 
lities  differing  not  so  much  in  degree 
as  in  kind  ;  and  in  their  appropriation, 
both  to  the  operations  of  the  internal 
economy,  and  to  the  relations  external, 
and  necessary  to  safety. 

It  is  not  possible  to  contemplate  these 
things  without  having  the  full  proof 
before  us  of  the  power  of  the  Creator 
in  forming  and  sustaining  the  animal 
body.  As  a  man  with  gutta  serena 
may  turn  his  eyes  to  the  sun,  and  feel 
no  influence  of  light ;  so  may  the  un¬ 
derstanding  be  blind  to  these  proofs ; 
and  we  may  say,  with  the  celebrated 
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Dr.  Hunter,  that  he  who  can  contem¬ 
plate  them  without  enthusiasm,  must 
labour  under  a  dead  palsy  in  some  part 
of  his  mind,  and  we  must  pity  him  as 
unfortunate. 


Chapter  IV. 

Of  the  Changes  in  the  Material  of  the 
Animal  Body  during  Life. 

We  have  seen  the  motions  performed 
in  the  animal  body  through  the  actions 
of  the  muscles,  and  the  play  of  the 
mechanical  parts,  and  we  have  had  occa¬ 
sion  to  reflect  on  the  action  of  the  heart, 
and  the  motion  of  the  blood  in  the  cir¬ 
culation  ;  but  these  are  as  nothing,  com¬ 
pared  with  the  interest  of  our  present 
subject — the  changes  going  forward  in 
the  solid  material  of  the  frame.  Is  it 
not  surprising  that  the  individual  who 
retains  every  peculiarity  of  body  and  of 
mind,  whose  features,  whose  gait  and 
mode  of  action,  whose  voice,  gestures, 
and  complexion  we  are  ready  to  attest 
as  the  very  proof  of  personality,  should 
in  the  course  of  a  few  days  change  every 
particle  of  his  solid  fabric  ? — that  he 
whom  we  suppose  we  saw,  is,  as  far  as 
his  body  is  concerned,  a  perfectly  dif¬ 
ferent  person  from  him  we  now  see? 
That  the  fluids  may  change  we  are  ready 
to  allow,  but  that  the  solids  are  thus  ever 
shifting  seems  at  first  improbable.  And 
yet,  if  there  be  any  thing  firmly  esta¬ 
blished  in  physiology,  if  there  be  truth 
in  the  science  at  all,  this  fact  is  incon¬ 
trovertible. 

There  is  nothing  like  this  in  inanimate 
nature.  It  is  beautiful  to  see  the  shoot¬ 
ing  of  a  crystal ; — to  note,  first,  the  for¬ 
mation  of  integrant  particles  from  their 
elements  in  solution,  and  these,  assuming 
a  regular  form  under  the  influence  of  at¬ 
traction  or  crystalline  polarity,  produ¬ 
cing  a  determinate  shape  ;  but  the  form 
is  permanent.  In  the  different  pi  ocesses 
of  elective  attraction,  and  in  fermenta¬ 
tion,  we  perceive  a  commotion,  but  in  a 
little  time  the  products  are  formed,  and 
the  particles  are  at  rest.  There  is  in  these 
instances  nothing  like  the  revolutions  of 
the  living  animal  substance,  where  the 
material  is  alternately  arranged  and 
decomposed.  The  end  of  this  is, 
that  the  machinery  of  the  body  is  ever 
new,  and  possesses  a  property  within 
itself  of  mending  that  which  was  broken, 
of  throwing  off'  that  which  was  useless, 
and  of  building  up  that  which  was  in¬ 


secure  and  weak ;  of  repelling  disease, 
or  of  controlling  it,  and  substituting 
what  is  healthful,  for  that  which  is 
morbid.  The  whole  animal  machinery 
we  have  seen  to  be  a  thing  fragile  and 
exposed  to  injury  ;  without  this  conti¬ 
nual  change  of  material,  and  this  new 
modelling  of  that  material,  our  lives 
would  be  more  precarious ;  the  texture 
of  our  bodies  would  be  spoiled  like  some 
fine  piece  of  mechanism  which  had  stop¬ 
ped,  and  no  workman  would  have  sci¬ 
ence  sufficient  to  reconstruct  it.  But 
by  this  process,  the  minute  particles  of 
the  body  die  successively ;  not  as  in  the 
final  death  of  the  whole  body,  but  part 
by  part  is  deprived  of  its  vitality,  and 
taken  away  into  the  general  circulation, 
whilst  new  parts  are  endowed  with  the 
property  of  life,  and  are  built  up  in 
their  place.  By  this  revolution,  we  see 
nature,  instead  of  having  to  establish  a 
new  mode  of  action  for  every  casualty, 
heals  all  wounds,  unites  all  broken 
bones,  throw's  off  all  morbid  parts  by  the 
continuance  of  its  usual  operations  ; 
and  the  surgeon  who  is  modest  in  his 
calling,  has  nothing  to  do  but  to  watch, 
lest  ignorance  or  prejudice  interfere 
with  the  process  of  nature.  This  pro¬ 
perty  of  the  living  body  to  restore  itself 
when  deranged,  or  to  heal  itself  when 
broken  or  torn,  is  an  action  which  so 
frequently  assumes  the  appearance  of 
reason,  as  if  it  were  adapting  itself  to 
the  particular  occasion,  that  even  the  last 
great  luminary  in  this  science,  Mr.  John 
Hunter,  speaks  of  parts  of  the  body,  as 
“  conscious  of  their  imperfection,"  and 
“  acting  from  the  stimulus  of  necessity,” 
thus  giving  the  properties  of  mind  to  the 
body,  as  the  only  explanation  of  pheno¬ 
mena  so  wonderful. 

We  make  a  moderate  assumption, 
when  we  declare  these  changes  to  be 
under  the  guidance  of  the  living  prin¬ 
ciple.  In  a  seed,  or  a  nut,  or  an  egg, 
we  know  that  there  is  life,  and  from  the 
length  of  time  that  these  bodies  will  re¬ 
main  without  change,  we  are  forced  to 
acknowdedge  that  this  life  is  stationary 
or  dormant,  and  limited  to  the  counter¬ 
action  of  putrefaction  or  chemical  de¬ 
composition;  but  no  sooner  does  this 
principle  become  active,  than  a  series  of 
intestinal  or  internal  changes  are  com¬ 
menced,  which  are  regularly  progressive, 
without  a  moment’s  interruption,  while 
life  continues. 

That  principle  which  may  continue  an 
indefinite  number  of  days,  months,  or 
years,  producing  no  change  in  all  this 
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lime,  begins  at  once  to  exhibit  its  influ¬ 
ence,  builds  up  the  individual  body,  re¬ 
gulates  the  actions  of  secretion  and  ab¬ 
sorption  ;  and,  by  its  operation  upon 
the  material  of  the  frame,  stamps  it 
with  external  marks  of  infancy,  matu¬ 
rity,  and  age. 

But  let  us  examine  the  proofs  of  this 
universal  change  in  the  material  of  the 
body.  It  is  not  very  long  since  a  bone 
was  supposed  to  be  a  concrete  juice, 
and  that  the  liquid  parts  were  converted 
into  solids,  as  we  see  mortar  or  Paris 
plaster  from  fluid  assuming  a  solid 
form.  But  the  anatomist  began  to  ob¬ 
serve,  that  the  bones  were  porous  ;  that 
these  pores  admitted  membranes  and 
vessels  ;  and  some  went  so  far  before 
their  brethren,  as  to  assert  that  they 
saw  arteries,  veins,  lymphatics,  and 
nerves  going  into  the  bone;  in  short, 
the  opinion  gradually  grew  stronger, 
that  they  were  living  parts,  and  sub¬ 
ject  to  all  the  changes  to  which  the 
softer  parts  of  the  living  body  were 
liable.  An  accident  gave  admirable 
proof  of  this.  It  was  found  that  the 
bones  of  pigs,  fed  with  the  refuse  of  the 
dyer's  vats,  in  which  madder  was  con¬ 
tained,  became  tinged  of  a  beautiful 
red  colour.  It  was  this  fact  which  in¬ 
genious  physiologists  made  use  of,  and 
which  enabled  them  to  demonstrate  the 
rapidity  with  which  the  old  bone  was 
carried  away,  and  new  bone  substituted. 
The  physiologist  observed,  that  if  he 
threw  a  bone  into  the  fire,  what  is  called 
the  animal  part  was  burned  and  dissi¬ 
pated,  but  there  remained,  imperishable 
by  this  process,  a  mass  of  earth,  which 
proved  to  be  the  phosphate  of  lime.  He 
thought  of  varying  his  experiment,  and 
put  the  bone  into  acid,  which  dissolved 
that  phosphate  of  lime,  and  left  the 
bone  to  all  outward  appearance  as  be¬ 
fore.  It  had  its  form,  its  membranes, 
its  vessels,  but  when  pressed  it  proved 
to  be  soft  and  pliant ;  the  phosphate  of 
lime  having  been  dissolved  and  ex¬ 
tracted,  it  was  no  longer  capable  of  the 
office  of  a  bone,  to  bear  the  weight  and 
motions  of  the  body.  When  the  expe¬ 
riments  with  madder  were  resumed,  it 
appeared,  that  when  this  earth  of  bone 
was  about  to  be  secreted  from  the  cir¬ 
culating  vessels,  and  deposited  in  the 
membranes  of  the  bone,  it  met  with  the 
colouring  particles  of  the  madder  in  the 
blood ;  and,  as  the  chemist  would  ex¬ 
plain,  the  madder  and  the  phosphate  of 
lime  were  precipitated,  and  filled  all  the 
interstices  of  the  membranes  and  vessels. 


We  shall  not  stop  here  to  inquire  into 
the  admirable  manner  in  which  this 
hardening  material  of  bone  is  deposited 
for  the  purposes  of  strength.  It  is  only 
the  change  upon  the  material  which  we 
have  now  to  contemplate. 

If  this  earth  of  bone,  so  coloured,  had 
been  deposited  for  a  permanency,  and 
built  into  these  cells  and  crevices, 
like  brick  and  mortar,  the  colour  would 
remain  ;  but,  however  deeply  the  bones 
of  an  animal  may  be  tinged  in  this 
manner,  the  colour  is  not  permanent, 
unless  the  animal  continue  to  be  fed 
with  the  madder.  If  its  food  be  pure  of 
the  madder,  even  for  a  few  weeks,  and 
if  after  this  the  animal  be  killed,  its 
bones  are  white,  that  is  to  say,  the  old 
particles  of  phosphate  of  lime  are  car¬ 
ried  away  by  absorption,  and  with  them 
the  colouring  material ;  and  that  newer 
bone  which  is  deposited  by  the  arteries 
is  untinged  and  pure,  having  no  colour¬ 
ing  material  to  attract. 

It  is  unnecessary  to  follow  out  those 
curious  experiments  by  which  the 
physiologist  has  shown  the  rapidity  of 
the  formation  of  a  new  bone  around 
the  broken  end  of  an  old  one,  and  the 
deep  tinge  such  new  bone  takes,  com¬ 
pared  with  the  fainter  colour  of  that 
w'hich  had  been  perfect,  previous  to  the 
feeding  with  madder ;  the  manner  in 
which,  by  feeding  the  animal  alternately 
with  madder  and  without  it,  he  contrives 
to  exhibit  different  coloured  layers  in 
the  growing  bone.  It  is  sufficient  for 
our  purpose,  to  know  that  the  densest 
part  of  the  animal  frame  is  subject  to 
change,  like  the  most  delicate  texture  of 
the  body,  and  that  the  only  means  of 
arresting  the  motion,  is  to  deprive  it  of 
life  :  if  a  part  of  a  bone  be  killed  by  the 
application  of  a  cautery,  that  moment  it 
becomes  permanent,  and  is  subject  to  no 
change,  whilst  all  the  parts  around  it 
are  undergoing  their  revolutions. 

The  bones  of  the  legs  and  thighs, which 
suffer  the  fatigue  of  motion,  and  which 
support  the  weight  of  the  body,  without 
diminishing  in  their  length,  or  altering  in 
the  slightest  measurable  degree  their 
proper  form,  are  nevertheless  undergo¬ 
ing  an  operation  of  repair,  in  which  the 
old  particles  are  withdrawn,  whilst  new 
ones  replace  them,  We  see  with  what 
care  the  walls  of  a  house  are  shored 
up  to  admit  of  repair — how  carefully 
the  workman  must  esiimate  the  strength 
of  his  pillars  and  beams — how  nicely 
he  must  hammer  in  his  wedges,  that 
every  interstice  may  be  filled,  and  no 
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strain  permitted  ;  and  if  this  operation 
fail  in  the  slightest  degree,  it  is  attended 
with  a  rent  of  the  wall  from  top  to 
bottom,  We  say,  then,  that  by  the  very 
awkwardness  of  this  process,  in  which, 
after  all,  there  is  danger  of  the  whole 
fabric  tumbling  about  the  workmen,  w'e 
are  called  upon  to  admire  how  the  solid 
pillars  in  our  own  frame  are  a  thou¬ 
sand  times  renewed,  whilst  the  plan  of 
the  original  fabric  is  followed  to  the 
utmost  nicety  in  their  restoration.  And 
if  it  deviate  at  all,  it  is  only  in  a  man¬ 
ner  the  more  to  surprise  us,  since,  on 
examination,  it  will  be  discovered  to 
result  from  an  adaptation  of  the  strength 
of  material  to  some  new  circumstance, 
the  increasing  weight  it  has  to  support, 
or  the  jar  that  it  is  subject  to,  from  the 
change  in  the  activity  or  exercise  of  the 
body. 

There  is  a  disease  of  the  bone  which 
illustrates  this  in  a  surprising  manner, 
and  proves  to  us,  that  however  diseased 
and  monstrous  in  its  shape  the  bone 
may  be,  yet  there  is  a  natural  law  ope¬ 
rating,  which  by  its  prevalence  will  over¬ 
come  the  morbid  action,  and  from  a 
shapeless  mass  restore  the  bone  to  its 
natural  condition. 

This  disease  is  called  necrosis,  which 
word  signifies  the  death  of  the  bone 
merely  ;  but  it  is  death  in  very  pe¬ 
culiar  circumstances ;  a  new  bone  is 
formed  around  the  old  one;  a  large 
and  clumsy  cylinder  is  fashioned  of  the 
earth  of  bone ;  in  the  hollow  of  which 
the  shaft  of  the  old  bone  is  contained. 
After  a  long  time  the  old  bone  comes 
out  through  this  new  case,  and  with 
the  aid  of  the  surgeon,  it  is  altogether 
withdrawn  from  the  limb.  During  all 
this  process  the  patient  is  capable  of 
supporting  his  weight  upon  that  limb, 
so  that  it  resembles  on  a  large  scale 
that  change  which  we  have  described  as 
going  continually  on  in  the  molecules 
of  the  bone  ;  a  new  part  is  substituted, 
and  the  old  taken  away. 

If  workmen  were  to  take  away  a  pillar 
in  the  following  manner,  their  work  would 
resemble  the  process  of  necrosis  :  first, 
they  must  rear  a  hollow  cylinder  around 
the  old  pillar,  resting  on  the  plinth  and 
base,  and  extending  to  the  capital,  and 
having  secured  the  union  of  the  cylin¬ 
der  at.  top  and  bottom  to  the  extremi¬ 
ties  of  the  pillar,  they  must  take  away 
the  shaft,  or  middle  piece,  of  the  old 
pillar  by  perforating  the  new  cylinder. 

The  reader  may  easily  imagine  that 


when  this  process  is  completed  in  a 
man's  limb  it  will  be  as  clumsy  as  the 
leg  of  an  elephant,  large,  firm,  and 
shapeless ;  but  the  extraordinary  cir¬ 
cumstance  is  still  to  be  described. — This 
new'  bone  is  gradually  diminished  in  its 
exterior  surface,  and  its  hollow  filled 
up,  and  thus,  by  a  change  scarcely  per¬ 
ceptible,  it  resumes  the  form  and  di¬ 
mensions  of  the  original  bone ;  and, 
after  a  time,  the  anatomist  might  exa¬ 
mine  this  limb  and  find  neither  in  the  ar¬ 
ticulating  surfaces,  nor  in  the  spines  and 
ridges,  nor  in  the  points  of  attachment 
for  ligaments  and  muscles  any  thing  to 
indicate  the  extraordinary  revolution 
that  had  taken  place. 

What  explanation  have  we  to  give  of 
this  change  ?  There  can  be  no  doubt 
that  the  material  is  not  the  same ;  for 
we  have  the  old  bone  in  our  hand,  and 
the  man  is  walking  upon  a  new  bone. 
Yet  extraordinary,  then,  as  this  appears, 
it  is  not  more  inexplicable  than  the  com 
mon  phenomenon  of  the  growth  of  an 
infant  to  maturity.  There  is  a  living 
principle  which  is  permanent  while  the 
material  changes ;  and  this  principle 
attracts  and  arranges,  dissolves  and 
throws  off  successive  portions  of  the 
solids.  There  is  a  law  influencing  this 
living  principle,  which,  in  its  operation 
on  the  material,  shapes  and  limits  the 
growth  of  every  part,  and  carries  it 
through  a  regular  series  of  changes,  in 
which  its  form  and  aptness  for  its  office 
are  preserved,  whilst,  the  material  a’lone 
is  altered. 

The  influence  of  disease  will  for  a 
time  disorder  this  modelling  process 
and  produce  tumours  and  distortions  : 
but  when  at  length  the  healthy  action, 
that  is  the  natural,  action,  prevails, 
these  incumbrances  are  carried  away, 
and  the  fair  proportions  of  the  fabric 
are  restored. 

It  is  very  pleasing  to  observe  the  dif¬ 
ferent  means  employed  where  a  slight 
change  of  circumstances  demands  it. 
This  earth  of  bone — the  phosphate  of 
lime,  is  changing  continually ;  but  the 
teeth  admit  of  no  change ;  they  consist 
of  earth  too — the  phosphate,  carbonate, 
and  fluate  of  lime.  Bodies  calculated  for 
such  violent  attrition,  and  with  a  sur¬ 
face  so  hard  as  to  strike  fire  with  steel, 
would  be  ill  accommodated  with  such  a 
property  of  changing  as  we  have  seen 
in  the  bones.  They  must  therefore  fall 
out  and  be  succeeded  by  new  ones  ;  and 
this  process,  familial"  as  it  may  be,  is 
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very  curious  when  philosophically  con¬ 
sidered. 

There  are  no  teeth  whilst  yet  the  in¬ 
fant  is  at  the  breast ;  and  when  they 
rise  they  are  attended  with  new  appe¬ 
tites,  and  a  necessity  for  change  of 
food.  When  perfected  they  form  a 
range  of  teeth,  neat  and  small,  adapted 
to  the  child's  jaws  and  the  size  of  its 
bones.  Were  they  to  grow  at  once,  or 
to  fall  out  at  once,  it  would  prove  a 
disturbance  to  the  act  of  eating.  They 
fall  in  succession ;  their  fangs  are  ab¬ 
sorbed,  they  are  loose  and  jangling, 
and  are  easily  extracted.  But  now 
comes  the  question,  why  are  these  teeth 
of  the  infant  old  at  six  years  ?  Why  are 
those  that  are  to  succeed  and  be  station¬ 
ary  for  a  series  of  years,  to  germinate  and 
grow  at  the  appointed  time  like  the 
buds  in  the  axilla  of  a  leaf?  And 
when  fully  formed,  why  do  they  re¬ 
main  perfect  for  sixty  years  instead  of 
six  ;  at  the  end  of  which  term  the  first 
set  were  old  and  decayed  ?  No  differ¬ 
ence  can  be  observed  in  the  material  of 
the  teeth  of  the  first  or  second  set. 
The  one  will  be  as  perfect  as  the  other 
after  remaining  a  hundred  years  in  a 
charnel  house.  Can  any  one  refuse  his 
belief,  then,  when  he  sees  so  accurate 
a  mechanical  adaptation  of  the  teeth  to 
their  places  and  their  offices ;  can  he,  we 
say,  refuse  assent  to  this  also,  that 
there  is  a  law  impressed — a  property 
by  which  the  milk  teeth  shall  fail  and 
be  discharged  from  the  jaw  in  six 
years,  whilst  the  others  will  last  the 
natural  life  of  the  adult,  if  not  injured 
by  accidents  to  which  all  parts  are  sub¬ 
ject  ?  This  is  not  the  only  instance  in 
which  parts  of  the  body  lie  dormant  for 
a  term  of  years,  and  are  at  a  particular 
period  of  life  developed  and  perfected 
■—and  which  have,  we  may  say,  their 
time  of  infancy,  perfection,  and  decay, 
whilst  yet  there  is  no  material  deterio¬ 
ration  observable  in  the  general  frame. 

We  are  thus  brought  to  the  considera¬ 
tion  of  a  question  which  has  not  yet 
been  fairly  stated. 

Those  who  say  that  life  results  from 
structure,  and  that  the  material  is  the 
ruling  part,  bid  us  look  to  the  con¬ 
trast  of  youth  and  age.  The  activity  of 
limb  and  buoyancy  of  spirit  they  consi¬ 
der  as  a  necessary  consequence  of  the 
newness  and  perfection  of  organization 
in  youth.  On  the  other  hand,  a  ruined 
tower,  unroofed,  and  exposed  to  be 
broken  up  by  alternation  of  frost  and 
heat,  dryness  and  moisture,  wedged  by 


the  roots  of  ivy,  and  tottering  to  its  fall, 
they  compare  with  old  age — with  the 
shrunk  limbs,  tottering  gait,  shrivelled 
face,  and  scattered  grey  hair  of  the  old. 

But  in  all  this  there  is  not  a  word  of 
truth.  Whilst  there  is  life  and  circu¬ 
lation  there  is  change  of  the  material  of 
the  frame,  (and  there  is  a  sign  of  this 
if  a  broken  bone  unites  or  a  wound 
heals.)  Ascribe  the  distinction  to  the 
rapidity  of  change,  to  the  velocity  of 
circulation,  or  to  the  more  or  less  energy 
of  action  ;  but  with  the  antiquity  of  the 
material  it  can  have  nothing  to  do.  The 
roundness  and  fulness  of  flesh,  the 
smoothness,  transparency,  and  colour  of 
the  cheek,  belong  to  youth,  as  charac 
teristic  of  the  time  of  life,  not  as  a  neces¬ 
sary  quality  of  the  material !  Is  there  a 
physiognomy  in  all  nature — among  birds 
and  beasts,  and  insects  and  flowers — and 
shall  man  alone  have  no  indication  of 
his  condition  in  the  outward  form  and 
character  ? 

The  distinctions  in  the  body,  apparent 
in  the  stages  of  life,  have  a  deeper 
source  than  the  accidental  effects  of  the 
deterioration  of  the  material  of  the 
frame.  The  same  changes  which  are 
wrought  on  the  structure  of  the  body  in 
youth  and  in  the  spring  of  life  are  going 
on  in  the  last  term  of  life  ;  but  the  fa¬ 
bric  is  rebuilt  on  a  different  plan.  The 
law  of  the  formation  is  still  inherent  in 
the  life  which  has  hurried  the  material 
of  the  body  through  a  succession  of 
changes ;  and  each  stage,  from  the  em¬ 
bryo  to  the  foetus,  the  foetus  to  the 
child,  from  that  to  adolescence,  to  ma¬ 
turity,  and  to  the  condition  of  old  age, 
has  its  outward  form,  as  indicative  of 
internal  qualities,  but  not  of  the  per¬ 
fection  or  imperfection  of  the  gross  ma¬ 
terial.  We  might  as  well  consider  the 
difference  in  the  term  of  life  of  the  an¬ 
nual  or  biennial  plant  as  compared 
with  the  oak,  or  the  ephemeris  fly  as 
compared  with  the  bird  that  hawks  at 
it,  to  be  in  the  qualities  of  the  matter 
which  forms  them,  as  that  the  outward 
characters  of  the  different  .stages  of  hu¬ 
man  life  arose  from  the  perfection  or 
imperfection  of  the  material  of  the  body. 
Not  only  has  every  creature  its  ap¬ 
pointed  term  of  life,  but  we  have  shown 
that  parts  of  the  human  body  do  not, 
in  this  respect,  bear  a  relation  to  the 
whole  ;  organs  are  changed  and  disap¬ 
pear  ;  others,  in  the  mean  time,  at  their 
regulated  period,  shoot  to  perfection, 
and  again  decay  before  the  failure  of 
the  body.  What  can  more  distinctly 
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show  that  it  is  the  principle  of  life  that 
directs  all ;  and  that  on  it  the  law  is  im¬ 
printed  which  orders  our  formation,  and 
all  the  revolutions  we  undergo.  The 
material  of  the  body,  solid  and  fluid,  is 
moved  by  this  influence,  and  varies  every 
day,  part  by  part  dying  every  hour,  and 
renewed,  until  the  series  of  its  changes 
on  the  gross  material  of  the  body  is 
accomplished  in  an  entire  and  final  se¬ 
paration. 

The  grand  phenomena  of  nature 
make  powerful  impression  on  our  ima¬ 
gination,  and  we  acknowledge  them  to 
be  under  the  guidance  of  Providence  ; 
but  it  is  more  pleasing,  more  agreeable  to 
our  self-importance,  it  gives  us  more 
confidence  in  that  Providence,  to  disco¬ 
ver  that  the  minutest  changes  in  na¬ 
ture  are  equally  His  care,  and  that  “  all 
things  do  homage." 

Although  it  be  true  that  everything  in 
nature,  being  philosophically  contem¬ 
plated,  will  lead  to  the  same  conclusions, 
yet  the  occurrences  around  us  steal  so 
imperceptibly  on  our  observation,  all 
the  objects  of  nature,  or  at  least  vege¬ 
table  and  animal  productions,  grow  up 
by  so  slow  a  process  by  our  side,  that  we 
do  not  consider  them  at  all  in  the  same 
way  as  we  should  do  if  they  started  sud¬ 
denly  upon  our  vision. 


It  is  this  familiarity  with  the  qualities 
of  a  living  body,  and  a  habit  of  seeing 
without  reflection,  which  has  made  it 
necessary  to  carry  the  reader  through  so 
long  a  course  of  observation  and  reason¬ 
ing  to  excite  attention  to  the  admirable 
structure  of  his  own  frame,  and  its 
adaptation  to  the  earth  we  inhabit — ■ 
to  perceive  that  every  thing  is  formed 
with  a  strict  relation  to  the  human 
faculties  and  organs,  to  extend  our 
dominion  and  to  multiply  our  sources 
of  enjoyment.  It  is  by  seeing  the  plan 
of  Providence  in  the  establishment  of 
relations  between  the  condition  of  our 
being  and  the  material  world,  that  we 
learn  to  comprehend  that  unity  of  de¬ 
sign  in  the  creation  in  which  we  form 
so  great  a  part. 

This  exaltation  of  our  nature  is  not 
like  the  influence  of  pride  or  common 
ambition.  We  may  use  the  words  of 
Socrates  to  his  scholar,  who  saw  in  the 
contemplation  of  nature  only  a  proof  of 
his  own  insignificance,  and  concluded 
“  that  the  gods  had  no  need  of  him,” 
which  drew  this  answer  from  the  sage : 
“  The  greater  the  munificence  they 
have  shown  in  the  care  of  thee,  so 
much  the  more  honour  and  service  thou 
owest  them !’’ 
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[The  references  are  given  to  the  treatise  or  treatises  in  which  the  Article  is  to  be  found.  Of  the  contractions 
An.  Phys.  stands  for  Animal  Physiology;  An.  Mech.  for  Animal  Mechanics;  Bot.  for  Botany;  and 
Chem.  for  Chemistry.] 


A. 

Abernethy's  rules  respecting  diet,  An.  Phys.,  49 
Abies  picea,  peculiarity  of  the  roots  of,  Bot.,  10 
Abortion  of  plants  defined,  Bot.,  57 
Absorbed  substances  considered,  An.  Phys.,  127 

Absorbent  glands  are  living  endosmometers,  An.  Phys.,  126  ;  system,  122  ;  recrementitious, 
127  ;  excrementitious,  ib. 

Absorption,  united  with  secretion,  produces  nutrition,  yfn.  Phys.,  121;  deficient  in  fever, 
ib.  ;  too  great  in  dropsy,  ib.;  theory  of,  125  ;  operates  upon  solids  as  well  as  upon  fluids, 
127. 

Acids  considered,  Bot.,  102 ;  their  combination  with  alkalies  treated  of,  Chem.,  23;  many 
acids  are  not  volatile,  89 

Acid,  hyponitrous,  defined  and  described,  Chem.,  20  ;  nitrous,  ib.;  nitric,  ib. ;  hydronitric, 
very  useful  in  the  arts,  21 ;  muriatic,  how  obtained,  24;  chloric,  26  ;  iodic,  29;  liydri- 
odic,  ib. ;  hydro-sulphuric,  or  oil  of  vitriol,  31  ;  hypo-sulphurous,  32;  hypo-sulphuric, 
ib. ;  pure,  anhydrous,  phosphoric  acid,  how  obtained,  34  ;  glacial  phosphoric,  ib.;  hy¬ 
dro-phosphorous,!^;  hypo-phosphorous,  35;  carbonic  described,  39;  carbonic  exists 
in  the  blood,  An.  Phys.,  109  ;  boracic,  how  obtained,  Chem.  47  ;  compounded  with  al¬ 
kaline,  constitute  salts,  48  ;  antimonious,  62  ;  antimonic,  63  ;  tungstic,  64  ;  chromic,  ib. ; 
molybdous,  65  ;  molybdic,  ib;  arsenious,  65;  arsenic,!*.;  manganeseous,  70;  manga- 
nesic,  ib. ;  hydro-fluoric,  81,  82;  fluo-silicic,  82;  fluo-boric,  83;  hydro-cyanic,  or 
prussic,  83,  84;  cyanous,  84;  cyanic,  ib. ;  fulminic,  ib. ;  chloro-cyanic,  85;  sulpho- 
cyanic,  ib. ;  ferro-cyanic,  86  ;  hydro-acids  and  their  compounds,  86 — 90  ;  most  essential 
to  plants,  Bot.,  81  ;  in  plants,  decomposed  by  sun-light,  85. 

Acrogens,  Bot.,  18;  defined,  160. 

Action  of  the  heart,  An.  Phys.,  78 — 80  ;  An.  Mcch.,  35  ;  the  blood  returns  from  the  body 
by  veins  into  the  sinus  or  auricle.  An.  Mcch.,  35;  the  sinus  surrounded  by  muscular 
fibres,  by  the  distension  of  which  the  sinus  contracts  and  propels  the  blood  into  the 
ventricle,  ib. ;  of  the  valves,  ib.j  of  the  arteries  on  the  circulation,  An.  Phys.,  80;  of 
the  veins  on  the  circulation,  82 ;  reciprocal,  of  the  air  and  blood,  107 
Adhesion,  Bot.,  57  ;  all  contiguous  parts  of  plants  liable  to  grow  together,  ib. ;  healing 
by  means  of,  An.  Phys.,  61 
Adolphe  Brongniart,  Bot.,  29,30 
Adventitious  leaf-buds,  Bot.,  120 

Aeriform  bodies,  method  of  collecting  and  examining,  Chem.,  10  — 12 
Affinity,  chemical,  defined,  Chem.,  2  ;  single,  elective,  7  ;  double,  elective,  ib. ;  many  cases 
of,  how  explained,  88 

Agents,  external,  acting  upon  the  vital  principle  of  plants,  Bot.,  79 

Air,  atmospheric,  necessary  to  the  renovation  of  the  blood,  An.  Phys.,  65  ;  and  blood,  re¬ 
ciprocal  action  of,  107 

Air-cells  of  plants  described,  Bot.,  72 ;  of  the  lungs,  An.  Phys.,  99 

Albumen,  of  the  blood,  An.  Phys.,  56  ;  the  substance  which  surrounds  the  embryo,  Bot. 
156 

Alcohol,  a  solvent,  which  acts  upon  a  limited  number  of  salts,  Chem.,  88 
Aliment  is  either  solid  or  fluid,  An.  Phys.,  37  ;  solid,  digestion  of,  ib. ;  converted  into 
chyme,!*.;  chyle,!*.;  effect  of  saliva  upon,  38  ;  arrangement  of,  in  the  stomach,  39 
Alkalies  and  acids,  two  great  classes  of  bodies,  Chem.,  22  ;  their  combination  treated  of, 
23  ;  salts  of  ammonia,  49 ;  found  in  many  different  parts  of  a  plant,  Bot.,  102 
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Alkaline  metals  treated  of,  Chem.,  71 

Alloys  of  antimony,  Chem.,  63 ;  of  tin  with  copper,  form  bronze  and  bell-metal,  67  ;  of 
zinc  with  copper,  form  brass,  69;  of  zinc,  ib. ;  of  iron,  ib. ;  of  potassium,  72 
Alps,  Saussure’s  sensations  on  the  summit  of  the,  An.  Phys.,  104 

Alum,  a  double  salt,  how  composed,  Chem.,  106  ;  much  used  in  the  arts,  ib. ;  an  astringent, 
ib,  ;  the  principal  ingredient  of  Homberg’s  pyrophorous,  ib. 

Alumine,  sulphate  of,  Chem.,  106  ;  salts  of,  122 

Aluminum,  described,  Chem.,  77,  78  ;  it  possesses  a  metallic  lustre,  ib.  ;  oxide  of,  or  alu¬ 
mine,  78  ;  chloride  of,  ib. 

Amalgam  of  silver,  Chem.,  55  ;  of  gold,  56  ;  used  for  an  inferior  kind  of  plating,  ib. 
Amalgams  defined,  Chem.,  55  ;  are  soft  solids,  ib. 

Ammonia,  violent  effects  of,  experiments  on,  Chem.,  22  ;  or  nitrogen  with  hydrogen,  21 ; 
how  obtained  indirectly,  ib. ;  its  aqueous  solution  very  useful,  22;  when  acted  upon  by 
chlorine,  50;  hydriodate  of,  described,  50  and  102;  sulphite  of,  crystallizes  in  cubes, 
50  ;  sulphate  of,  described,  ib  ;  muriate  of,  ib.  ;  sesqui-carbonate  of,  51 
Ammonia ,  carbonate  of,  Chem.,  51  ;  bi-carbonate  of,  ib.  ;  hydro-sulphate  of,  ib.  ;  hydro-fluate 
of,  117  ;  salts  of,  122 

Ammoniac,  sal,  in  commerce,  or  muriate  of  ammonia,  Chem.,  50 ;  prevents  the  oxidation  of 
the  surface  of  copper  in  tinning,  ib. 

Amnios,  the,  surrounding  the  embryo  of  a  plant,  Bot.,  157 
Ampullulcp,  two  magnified,  turgid  with  chyle,  An.  Phys.,  123 

Analogy  between  the  structure  of  (he  human  body  and  the  works  of  art  is  not  perfect,  An. 
Mech.,  2 

Analysis,  chemical,  defined,  Chem.,  13;  tabular,  &c.,  Bot.,  203 — 208;  dichotomous,  &c.j 
208 — 213;  of'Lindley's  System  of  Botany,’  161 — 192 
Anastomose,  the  term  explained,  An.  Phys.,  1G 
Anatomical  structure  of  a  leaf,  Bot.,  31 

Anatomy  of  the  pulmonary  system,  An.  Phys.,  93;  thorax,  a  conical  cavity,  ib.  ;  sternum, 
ib. ;  spine,  with  vertebrae,  94 ;  too  little  cultivated  by  men  of  science,  An.  Mech.,  29  ; 
the  theory  of  life  ought  to  ,be  studied  as  a  preventive  to  scepticism,  30  ;  the  microcosm 
of  man’s  body  no  less  wonderful  than  the  planetary  system,  ib. 

Andrccceum ,  Bot.,  38 

Anecdote  respecting  a  pupil  of  Dr.  Hunter,  An.  Mech.,  50,  51 
Aneurism,  An.  Mech.,  45 
Anhydrous  acid,  Chem.,  21 

Animals,  how  distinguished  from  vegetables,  An.  Phys.,  8;  separable  by  vertical  line  info 
equal  parts,  9  ;  and  plants,  difference  between,  Bot.,  2 
Animal  body,  the  ultimate  elements  of,  An.  Phys.,  10  ;  is  able  to  resist  extremes  of  tem¬ 
perature,  109;  changes  in  the  material  of,  considered,  An.  Mech.,  59;  economy  of  the, 
sufficiently  known  to  compel  us  to  acknowledge  an  Almighty  Creator,  30 ;  considered 
as  a  mere  hydraulic  machine,  34 — 45 

Animal  system,  must  be  gradually,  not  suddenly,  brought  into  action,  An.  Mech.,  29  ;  re¬ 
gulation  in  the  army  respecting  horse-training,  ib. 

Animal  fluids  treated  of,  An.  Phys.,  11,  12;  solids,  considered,  13,  14  ;  heat  closely  con¬ 
nected  with  respiration,  An.  Phys.,  110 
Anthers,  Bot.,  108 

Antimony,  the  properties  of,  considered,  Chctn.,  62  ;  protoxide  of,  ib. ;  deutoxide  of,  or  anti- 
monious  acid,  ib.;  alloys  of,  63;  peroxide  of,  or  antimonic  acid,  ib. ;  proto-chloride  of, 
ib. ;  bi-chloride  of,  ib. ;  sulphuret  of,  ib.  ;  salts  of,  124 
Antimonites  and  Antimomatcs,  considered,  Chem.,  115,  116 
Antiseptic,  the  gastric  juice  is,  An.  Phys.,  44 

Aorta,  or  systemic  artery,  An.  Phys.,  67 ;  figure  of  the,  71  ;  of  the  whale,  75 
Apparatus,  pneumatic,  leaves  so  called,  Bot.,  31 ;  for  simple  chemical  experiments,  Chem., 
10  ;  what  it  is  in  animal  bodies,  An.  Phys.,  13;  of  the  circulation,  61  ;  circulatory  plan  of, 
64;  digestive,  24;  nutritive,  ib. ;  respiratory,  99  ;  of  bones  and  joints,  is  preserved  per¬ 
fect  by  exercise,  An.  Mech.,  28 ;  exercise  unfolds  the  muscular  system,  ib. 

Appetites,  compounded  of  both  a  physical  and  a  mental  operation.  An.  Phys.,  51 ;  are  brought 
about  by  the  intervention  of  the  nervous  system,  ib. 

Apple-tree,  leaf  of,  Bot.,  29 
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Aqua  regia ,  formed  by  dissolving  sal  ammoniac  in  nitric  acid,  Chem.,  50 
Arch,  stone,  centering  of,  An.  Mech.,  5 ;  of  the  skull,  described,  6  ;  of  the  two  parieta 
bones,  exemplified ;  why  not  a  perfect  semi-circle,  ib. ;  in  Roman  bridges,  high  arches 
ib. ;  horizontal  thrust  of,  ib. 

Archeits,  the,  of  Vanhelmont,  An.  Mech.,  56 

Architecture  of  the  skull,  An.  Mech. ,3 — 8;  Gothic,  exemplified,  7;  flying  buttress,  6;  clere¬ 
story,  ib. ;  arrises,  a  technical  term  in,  4 

Areas,  the,  of  the  branches  of  an  artery,  greater  than  the  diameter  of  the  parent  trunk,  An. 
Mech.,  40 

Areolce,  or  cells,  An.  Phgs.,  14 

Aristodemus's  reply,  An.  Mech.,  56 

Arrises,  a  technical  term  in  architecture.  An.  Mech.,  4 

Arsenic,  an  oxide  as  commonly  met  with,  Chem.,  65  ;  acid,  ib. 

Arscnious  acid,  or  white  oxide  of  arsenic,  Chem.,  65 

Arsenites  and  Arseniates,  how  distinguished  from  each  other,  Chem.,  116,  117;  of  potash, 
117;  of  silver,  ib. 

Arseniuretted  hydrogen,  Chem.,  65 

Arterial  blood  is  the  proper  nutritive  fluid,  An.  Phgs.,  53;  venous  not  so,  ib. 

Arteries,  endowed  with  a  high  degree  of  elasticity.  An.  Phgs.,  21 
Arteriosus  ductus,  plan  of  the,  An.  Phgs.,  77 

Artery,  in  what  it  resembles  an  hydraulic  engine,  and  in  what  it  differs,  An.  Mech.,  34;  is 
a  cone  with  the  apex  in  the  heart,  40  ;  elastic  property  of,  44  ;  treated  of,  An.  Phgs.,  63, 
64;  the  capillary  arterial  branches,  64;  pulmonary,  65  ;  essential  to  the  circulation,  71  ; 
possesses  three  coats,  ib. ;  is  embedded  in  soft  substances,  72  ;  action  of,  on  the  circula¬ 
tion,  80  ;  contractility  and  elasticity  of,  considered,  81 ;  splenic,  117 
Artieulata,  a  class  of  animals,  An.  Phgs.,  28  ;  the  leech  represented  by  a  figure,  ib. 
Articulating  processes  laterally  on  the  body  of  the  vertebrae,  An.  Phgs.,  94 
Artificial  system  of  botany,  Bot.,  196;  of  Jussieu,  ib. 

Arytanoid  cartilages  vocalise  the  breath,  An.  Mech.,  52 
Asparagus,  how  examined,  Bot.,  70 
Asterias,  the,  represented,  An.  Phgs.,  7 

Astragalus,  the  great  articulating  bone  of  the  foot,  An.  Mech.,  17 
Atmosphere,  effects  of  vegetation  upon  the,  Bot.,  87 — 90 

Atmospheric  air,  essential  characters  of,  Chem.,  17  ;  renovates  the  blood,  An,  Phgs.,  65 
Attraction  and  repulsion,  two  great  principles  of  motion,  Chem.,  1,2;  at  sensible  distances, 
exemplified,  2  ;  at  insensible  distances,  ib. ;  three  degrees  of,  3  ;  elective,  4 ;  between  the 
particles  of  fluids  prevents  stognation,  An.  Mech.,  35 
Auricle,  explained,  An.  Phgs.,  64 ;  right,  of  the  heart,  67  ;  left,  ib  ;  why  so  called,  An.  Mech., 
35,  note 

Automatic,  the  term,  as  applied  to  some  motions,  conveys  a  wrong  idea,  An.  Mech.,  57 

Axis,  primary,  secondary,  tertiary,  Bot.,  34 

Axiom,  Linnaean,  Bot.,  142  ;  ought  to  be  reversed,  143 

Azote,  its  properties  defined,  Chem.,  17  ;  quantity  of,  in  atmospheric  air,  An.  Phgs.,  103 

B. 

Backbone,  or  spine,  represented,  An.  Phgs.,  94 
Barilla,  nature  and  effects  of,  Chem.,  6 

Barium,  described,  Chem.,  75 ;  protoxide  of,  or  baryta,  ib. ;  peroxide  of,  ib. ;  bromate  of, 
100  ;  iodite  of,  102 

Bark,  running  of  the,  explained,  Bot.,  97 

Bargta,  or  protoxide  of  Barium,  Chem.,  75;  may  be  slaked,  like  quicklime,  ib. ;  sulphate  of, 
or  permanent  white,  105;  hypo-sulphite  of,  107;  liypo-sulphate  of,  108;  ferro-cyanate 
of,  120 

Bargtes,  chlorate  of,  described,  Chem.,  95;  carbonate  of,  75  ;  nitrate  of,  91 
Base,  salifiable,  what  so  called,  Chem.,  49 
Bell-metal,  or  alloy  of  tin  with  copper,  Chem.,  67 
Bentham,  observations  of,  quoted,  Bot.,  138,  141,  142 
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Bernouil/i,  his  observations,  An.  Mech.,  41 

Bi-carbonate  of  ammonia,  its  nature  ami  effects,  Chem.,  51 ;  of  potash,  113  ;  of  soda,  ib. 

Bi-chloride  of  mercury,  or  corrosive  sublimate,  Chem.,  53;  of  antimony,  how  obtained,  62 

Bi-chromate  of  potash,  Chem.,  116 

Bile,  a  secretion  of  the  liver,  An.  Phys.,  41 

Birds,  how  made  strong,  as  well  as  light,  An.  Mech.,  12  ;  gramenivorous,  digestive  appa¬ 
ratus  of ,An.  Phys.,  36;  feet  of,  when  perched  upon  a  branch,  represented,  An.  Mech., 
19 

Bismuth,  described,  Chem.,  61 ;  chloride  of,  ib.;  oxide  of,  or  flowers  of,  ib. ;  alloys  of,  ib. ; 
salts  of,  124 

Bi-sulphate  of  potash,  Chem.,  105 

Bi-sulphuret  of  mercury,  its  nature  and  effects,  Chem.,  54 ;  of  tin,  formerly  called  mosaic 
gold,  67  ;  of  iron,  or  iron  pyrates,  68 

Bi-sulphuretted  hydrogen,  Chem.,  33 

Bladders,  cylindrical,  of  a  leaf,  Bot.,  31  ;  exposed  to  the  action  of  oxygen,  ib. 

Bleachiny-powder,  or  chloride  of  lime,  prevents  contagion,  Chem.,  95 

Blood,  the,  some  phenomena  of,  described,  An.  Phys.,  12;  replenished  by  chyle,  51 ;  pro¬ 
perly  termed  vital,  52  ;  its  physical  properties,  ib.  ;  essentially  the  same  in  all  animals, 
ib. ;  its  consistence,  ib. ;  its  colour,,  ib.  ;  its  double  circulation  in  the  higher  animals,  53 ; 
arterial,  venous,  ib.;  its  specific  gravity,  ib.;  its  temperature,  ib.;  its  chemical  proper¬ 
ties,  54;  its  crassamentum,  its  serum,  ib. ;  its  coagulation,  ib. ;  its  lialitus,  ib. ;  fibrin, 
ib. ;  its  red  particles  or  globules,  ib. ;  its  serosity,  56  ;  its  vital  properties,  56 — 61;  ori¬ 
ginates  action  and  motion,  57 ;  its  fluidity,  58 ;  its  buffy  coat,  59  ;  Thackrah’s  experi¬ 
ments  on  the,  60  ;  quantity  of,  in  the  body,  60 ;  in  adult  man  constitutes  |  of  his  weight, 
61;  the  circulation  of,  ib. ;  apparatus  for  the  circulation  of,  ib. ;  figure  of  circulatory 
apparatus  of,  64  ;  scanty  in  fishes,  65  ;  of  amphibious  animals  only  slightly  aerated,  66  ; 
course  of  the,  in  man,  considered,  73;  quantity  of,  circulating  in  man,  75;  powers  by 
which  it  circulates,  78 ;  entire  circulation  of,  in  human  body,  in  three  minutes,  80  ;  puri¬ 
fied  by  respiration ,  87  ;  venous,  how  converted  into  arterial  during  incubation,  112;  two- 
thirds  of  the,  in  glandular  portion  of  the  human  body,  116;  reciprocal  action  of  the 
air  and  blood,  107 ;  coming  back  from  the  body  has  parted  with  different  properties  in 
the  several  organs,  An.  Mech.,  34;  the  attraction  between  the  particles  of  fluids  prevents 
any  stagnation  even  in  the  remotest  recesses  of  the  circulating  vessels,  35  ;  like  a  stream 
of  water  carried  through  a  cistern,  it  will  draw  out  and  empty  the  cavities  of  the  heart, 
ib.  ;  does  not  flow  uniformly ;  the  stroke  of  the  heart  is  more  concentrated  than  that  of 
the  arteries,  44,  note 

Body,  the,  is  formed  with  reference  to  the  mind,  An.  Mech.,  1  ;  its  liability  to  fracture  is  no 
imperfection  in  the  frame  of,  ib. ;  how  enabled  to  stand  upright,  16;  the  best  position 
of,  20  ;  considered  as  a  mere  hydraulic  machine,  34  ;  peculiar  properties  of  life  in,  45; 
animal  changes  in  the  material  of,  considered,  59;  its  machinery  ever  new,  ib.;  of  the 
vertebrae,  An.  Phys.,  94 

Bones  of  the  head,  spine,  and  chest,  admirably  designed,  An.  Mech.,  1 — 31  ;  of  the  head, 
enumerated,  4,  5;  of  the  human  body,  cylindrical,  12;  how  composed,  14 ;  the  centre, 
or  long  bones,  are  cylindrical,  ib.;  the  extremities  are  expanded  and  cancellated,!^.; 
cancelli,  or  lattice-work.  ib. ;  are  not  capable  of  sustaining  an  animal  greater  than  an 
elephant,  ib.;  head  of  the  thigh-bone,  ib. ;  inner  trochanter,  ib.;  from  one  single  bone 
or  fragment  of  bone  an  accurate  idea  of  the  whole  animal  may  be  formed,  16  ;  the  skill 
of  a  Cuvier,  ib.  ;  wonders  disclosed  by  the  fragment  of  a  bone,  ib. ;  of  the  feet,  ib. ;  of 
the  leg,  represented,  19;  muscles  fixed  into,  24  ;  bone,  gristle,  and  ligament,  insensible 
to  pricking,  cutting,  and  burning,  51  ;  but  sensible  to  stretching  and  tearing,  ib. ;  once 
supposed  to  be  a  concrete  juice,  60  ;  experiments  on,  ib. 

Books  on  animal  economy,  An.  Mech.,  30 

Boracic-acid,  described,  Chem.,  47 

Borates,  described,  115;  of  soda,  or  borax,  ib. 

Borax,  a  salt  imported  from  India,  Chem.,  47 ;  in  its  impure  state  called  tincal,  ib.;  also 
called  borate  of  soda,  115 

Borelli,  the  famous  demonstration  of,  An.  Mech.,  18 ;  his  representation  of  a  bird  asleep 
upon  a  branch,  19 

Boron,  an  olive-coloured  substance,  how  obtained,  Chem.,  46 

Botanical  descriptions,  importance  of,  Bot.,  214;  viola  tricolor  described  in  generic  and  spe¬ 
cific  characters,  218;  register,  47 

Botany  defined,  Bot.,  1  ;  advantages  derived  from  the  study  of,  ib. ;  its  four  grand  divisions 
ib. ;  terms  used  in  botany,  budding,  grafting,  striking  from  eyes,  20 ;  organs  of  vegeta¬ 
tion,  of  fructification,  21  ;  parenchyma,  ib. ;  veins,  nerves,  or  nervures,  ib, ;  point  of  in- 
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sertion,  ib. ;  petiole,  lamina,  or  blade,  ib. ;  sessile,  ib. ;  whorled  or  verticellate,  22  ;  screw- 
pines,  ib. ;  decussate,  23;  forked-veined,  24;  parallel-veined,  ib. ;  straight-veined,  ib.  ; 
curve-veined,  ib. ;  reticulated,  ib. ;  ribbed,  ib. ;  radiated,  ib.  ;  feather-veined,  ib. ;  pin¬ 
nated,  26  ;  tripinnation,  ib.  ;  supra-decompound,  ib. ;  scimeter-shapea,  27  ;  axe-shaped, 
ib. ;  oblique,  ib.  ;  phyllodia,  ib.  ;  spines,  ib.  ;  equitant,  28  ;  pellate,  ib. ;  perfoliate-leaf,  ib. ; 
synochreate  or  hypo-glottideous,  32  ;  bracts,  33  ;  spathe,  ib. ;  involucre,  involucel,  ib.  ; 
primary,  secondary,  tertiary  axis,  34;  spike,  ib. ;  amentum,  ib. ;  spadix,  ib .;  umbel, 
35;  raceme,  ib. ;  thyrse,  ib.  ;  centrifugal,  ib. ;  oyme,  36;  glomerule,  ib. ;  fascicle,  ;6. ; 
perianth  or  perigone,  ib.  ;  valvate,  ib. ;  imbricated,  ib.;  twisted,  ib. ;  polysepalous,  ib.  ; 
asepalous,  ib.  ,•  papilionaceous,  38  ;  vexillum,  ib.  ;  keel  or  carina ,  ib. ;  coronals,  ib.  ;  fila¬ 
ment,  ib.  ;  anther,  ib. ;  connective,  39  ;  suture  or  line  of  dehiscence,  ib. ;  flattening,  ib. ; 
distension,  ib. ;  contraction,  ;'A.  ;  monadelphous,  41;  di-adelphous,  ib.  ;  poly-adelplious, 
ib. ;  syugenesious,  ib.  ;  column,  ib. ;  gyn-androus,  ib. ;  hypo-gynous,  ib. ;  peri-ginous,  ib. ; 
epi-ginous,  ib.  ;  pistil,  42 ;  gynoeceum,  ib. ;  carpels,  ib. ;  ovary  and  ovules,  ib. ;  style, 
stigma,  ib.  ;  placenta,  ib.  ;  apo-carpous,  43;  syn-carpous,  ib.  ;  gynobase,  ib.  ;  phragmata, 
44  ;  free-central  placenta,  45  ;  free-basal  placenta,  ib.  ;  nucleus,  46  ;  membranes,  pri- 
mine,  secundine,  tercine,  quartine,  ib.  ;  erect,  ib. ;  ascending,  ib.  ;  pendulous,  ib.  ;  sus¬ 
pended,  47  ;  horizontal  or  peltate,  ib. ;  definite,  ib. ;  indefinite,  ib. ;  disk,  ib. ;  epicarp, 
48;  sarcocarp,  ib.;  endocarp,  ib. ;  ventral  suture,  ib.  ;  septicidal,  ib. ;  loculicidal,  ib.  ; 
follicle,  49;  legume,  ib. ;  achenia,  50;  lomenta  or  lomentaceous,  ib.;  cariopsis,  ib. ; 
utricle,  51  ;  nut,  ib. ;  key,  ib.  ;  drupe,  ib.  ;  siliqua,  ib. ;  capsule  defined,  ib. ;  raphe,  53; 
chalaza,  ib.  ;  micropyle,  ib.  ;  hilum  or  eye,  ib.  ;  testa,  ib.  ;  umbilical  cord,  54  ;  aril,  ib. ; 
albumen,  ib. ;  ruminated,  ib. ;  vitellus,  ib.  ;  embryo  considered,  55;  plumule,  ib. ; 
radicle,  ib. ;  abortion,  57 ;  degeneration,  ib. ;  adhesion,  ib. ;  morphology,  58  ;  fibro- 
membranous,  66  ;  cellular  tissue,  65  ;  dotted  ducts,  67  ;  woody  tissue,  68  ;  vascular 
tissue,  69  ;  spiral  vessel,  ib.  ;  intercellular  passages,  71  ;  turpentine  vessels,  ib.  ;  recep¬ 
tacles  of  oil,  ib. ;  air-cells,  ib.;  extensibility,  74  ;  elasticity,  ib. ;  contraction,;^.;  hygro- 
metrical  properties,  75  ;  endosmose,76  ;  irritability,  77  ;  excitability,  78  ;  sensibility,  ib.  ; 
external  agents,  79;  spongioles,  83;  digestion,  84;  respiration,  87;  circulation,  90; 
raphides,  98  ;  amorphous,  ib. ;  hydro-carbonates,  99  ;  vegetable  secretions,  98  ;  vegetable 
excretions,  103;  mauvaises  herbes,  105  ;  flowering,  ib. ;  watches  of  flora,  106;  fertiliza¬ 
tion,  107;  caprification,  ib. ;  sexuality,  108;  pollen-tubes,  109;  pollen-masses,  111; 
fruiting,  113;  germination,  116  ;  sporules,  117;  chromule,  120;  intermittent  odours, 
126;  duration,  132  ;  dimension,  133;  surface,  ib. ;  form,  134;  division,  ib. ;  numerical 
proportion,  ib. ;  colour,  135;  polypetalous,  195;  monadelphia,  199 
Bracts,  form  involucre  and  involucel,  Bot.,  33;  imperfectly-formed  leaves,  60;  starred 
leaves,  151 

Brain,  the,  how  protected,  An.  Mech.,  3;  the  vibration  of,  to  be  guarded  against,  ib. 
Branchicc,  or  gills,  An.  Phys.,  65 

Brass,  how  silvered,  Cbem.,  54  ;  is  an  alloy  of  zinc  with  copper,  69 
Breast-bone,  or  sternum,  represented,  An.  Phys.,  93 
Breathing-pore,  or  stomate,  in  plants,  Bot.,  7 
Bromatcs,  described,  Chern.,  100;  analogous  to  chlorates,  ib. 

Bromate  of  potash,  Chern.,  100  ;  of  baryta,  ib. 

Bromic  acid,  how  obtained,  Chern.,  28 

Bromine,  defined,  and  how  obtained,  Chem.,  27  ;  is  a  fluid  of  a  hyacinth-red  colour,  28  ; 
chloride  of,  ib. 

Bronze,  or  alloy  of  tin  with  copper,  Chem.,  67 
Budding,  a  process  in  gardening,  Bot.,  20 

Buffy-coat  in  the  blood,  the  phenomena  explained,  An.  Phys.,  59 
Bulb,  described,  Bot.,  13 
Burnet,  Professor,  Bot.,  88 

Bursa;  mucosa ?,  the,  in  the  body,  are  like  friction-wheels  in  machinery,  An.  Mech.,  28,  and 
note 

Bursarice,  the  lowest  order  of  polypes,  described,  An.  Phys.,  26 


C. 

Cables,  the  process  of  making,  An.  Mech.,  22 

Cadmuim,  described,  Chem.,  69  ;  oxide  of,  ib. ;  salts  of,  124 

Ca/cuim,  how  obtained,  Chem.,  74;  protoxide  of,  or  lime,  ib.;  deutoxide  of,  ib. ;  chloride 
of,  ib.;  fluoride  of,  177;  found  in  animal  bodies,  An.  Phys.,  10 
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Calomet,  how  composed,  Chem.,  6 

Caloric,  tends  constantly  to  an  equilibrium,  An.  Phys.,  109;  in  man,  ib. ;  temperature  in 
the  slug-worm,  110;  is  closely  connected  with  the  consumption  of  air,  ib. ;  venous  blood 
has  less  capacity  for  it  than  arterial,  ib. ;  how  equalised  in  every  part  of  system,  ib. 
Calvaria,  the  roof  of  the  skull,  An.  Mech.,  6 

Calyx,  Bot.,  37  ;  is  used  to  distinguish  order,  151 ;  its  oestivation.  152 

Camels,  their  peculiarities  described,  An.  Mech.,  54 

Canal  for  containing  the  spinal  marrow,  represented,  An.  Phys.,  94 

Cance/li,  or  lattice-work  of  the  bone,  An.  Mech.,  14  ;  of  the  thigh-bone,  represented,  ib. 

Caoutchouc  bottle,  adduced  as  an  illustration,  An.  Phys.,  83 

Capillary  arteries  are  the  architects  of  the  system,  An.  Phys.,  51;  these  blood-vessels  ne¬ 
cessary  to  secretion,  114;  secrete  fluids  as  well  as  animal  solids,  ib. ;  the  number  of 
ganglionic  nerves  are  proportioned  to  them,  116;  their  attraction  influences  the  absorp¬ 
tion,  126 

Caprification,  Bot.,  107 

Capsule  of  plants,  Bot.,  51  ;  berried,  ib. 

Carbon  described,  Chem.,  38 ;  known  also  by  other  names,  ib.  ;  per-chloride  of,  described, 
43,  44;  chloride  of,  ib. ;  sub-chloride  of,  ib.;  sulphuret  of,  45  ;  triple  combinations  of, 
ib.  ;  is  fixed  in  plants  by  sun-light,  Bot.,  85 

Carbonate  of  ammonia,  how  formed,  Chem.,  51  ;  of  varytes,  75;  of  soda,  113;  of  varyta, 
ib. ;  of  magnesia,  114;  of  iron,  ib.  ;  of  copper,  ib.  ;  of  lime,  ib. ;  of  lead,  ib. 

Carbonates,  112 — 114;  of  potash,  112 

Carbonic-acid  described,  Chem.,  39  ;  most  essential  to  plants,  Bot.,  81 ;  its  effects  on  re¬ 
spiration,  An.  Phys.,  104;  renders  arterial  blood  venous,  107  ;  oxide,  by  what  process 
procured,  Chem.,  38 

Carburet  of  nitrogen,  or  cyanogen,  described,  Chem.,  44  ;  of  iron,  or  plumbago,  69 
Carburetted  hydrogen,  how  obtained,  Chem.,  41 
Carpel,  Bot.,  42  ;  a  modification  of  a  leaf,  60 

Carpentry  of  the  head,  An.  Mech.,  2  ;  truss,  a  term  used  in,  5  ;  collar-beam,  ib.;  tie-beam, 
ib. ;  a  straining-piece,  ib.  ;  the  puncheons  of  roofs,  6 
Cartilages  of  the  ribs  assist  respiration,  An.  Mech.,  10  ;  elasticity  of,  fails  in  old  age,  12; 

are  highly  elastic,  An.  Phys.,  21  ;  intervertebral,  94 
Cartilage  of  the  bone  made  elastic  by  filaments,  An.  Mech.,  17  ;  the  surface  smooth  and 
lubricated  by  synovia,  ib. 

Cassius,  purple  of,  used  in  enamel-painting,  Chem.,  9 
Castor,  a  secretion  from  the  beaver,  An.  Phys.,  119 
Caudex,  or  trunk,  ascending,  descending,  Bot.,  10 
Caustic,  lunar,  used  in  surgery,  how  formed,  Chem ,  93 

Cellular  or  vesicular  tissue,  Bot.,  65 — 68  ;  serves  as  a  filter,  ib. ;  is  the  cause  of  the  elasticity 
of  the  heart,  An.  Phys.,  79  ;  the  tissue  described,  14  ;  its  globular  structure  discovered 
by  microscope,  18 
Centering  of  an  arch,  An.  Mech.,  5 
Centrifugal  growth,  Bot.,  19 

Cerium,  some  of  its  properties,  Chem.,  62;  protoxide  of,  ib. ;  peroxide  of,  ib. 

Cervical  vertebrae,  described,  An.  Phys.,  94 
Chalaza,  its  effects  on  the  kernel  of  the  seed,  Bot.,  53 
Chameleon,  mineral,  how  obtained,  Chem.,  70 

Changes  in  the  material  of  the  animal  body  during  life  considered,  An.  Mech.,  59 — 63  ;  the 
process  described,  59 

Characters,  essential  and  natural,  of  plants,  Bot.,  219 — 222  ;  how  the  bases  of  the  different 
salts  are  characterized,  Chem.,  120 — 125 
Charcoal,  or  carbon,  how  prepared,  Chem.,  38 

Chemical  properties  of  the  blood,  An.  Phys.,  54  ;  affinity  defined,  Chem.,  2;  evaporation, 
4;  distillation,  ib. ;  saturation,  ib.  ;  fixed  air,  5  ;  cohesion,  ib. ;  elasticity,  ib. ;  solution 
and  solvents,  4 ;  composition,  5  ;  decomposition,  9 
Chest,  the  bones  and  cartilages  of,  An.  Mech.,  11  ;  the  ribs  protected  by  cartilage,  ib.  ;  in 
old  age  it  becomes  bony,  ib. ;  exspiration  and  inspiration  of,  assisted  by  the  elastic 
cartilage,  ib. 

Chlorates  described,  Chem.,  94, 95  ;  analagous  to  bromates,  100 
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Chlorate  of  potash  is  obtained  crystalized  in  rhomboidal  scales,  Chem.,  94  ;  of  soda,  as¬ 
sumes  the  form  of  cubic  crystals,  ib.  ;  of  barytes,  95 
Chloric  acid,  Chem.,  26 

Chlorides  and  muriates,  fully  considered,  Chem.,  96  —  100;  how  decomposed,  97 
Chloride,  what  bodies  so  called,  Chem.,  26  ;  of  nitrogen,  ib.  ;  of  bromine,  described,  28  ; 
oi  carbon,  44;  of  silver,  54  and  97;  insoluble  in  alcohol,  ib. ;  of  lead,  59;  of  bismuth' 
61;  of  zinc,  69;  of.  potassium,  72;  of  sodium,  73;  of  calcium,  74,  75  ;  of  barium, 
76;  of  aluminum,  78;  of  lime,  prevents  contagion,  95;  of  silver,  97;  anhydrous  of 
gold,  97,98  ;  of  platinum,  98  ;  of  cobalt,  99 

Chlorine,  description  of,  how  obtained,  Chem,,  23;  is  an  important  agent  in  bleaching, 
ib. ;  mixed  with  hydrogen,  24;  protoxide  of,  described,  25;  peroxide  of,  ib.;  the 
action  of,  upon  ammonia,  presents  beautiful  experiments  in  chemistry,  50;  cyanuret 
of,  85  ;  combined  with  the  oxides,  95  ;  found  in  the  animal  body,  An.  Phijs.,  10 
Ch/oro-cyanic  acid,  Chem.,  85 

Chord ce,  tendineae,  resemble  ropes  called  sheets  of  the  sail,  An.  Mech.,  36  ;  vocales,  52 
Chromates,  Chem.,  116  ;  of  potash,  ib. 

Chrome ,  salts  of,  Chem.,  123 
Chromic  acid,  how  combined,  Chem.,  64 

Chromium,  its  nature,  Chem.,  64;  protoxide  of,  ib. ;  dentoxide  of,  ib. 

Chromate,  colouring  matter,  Bot.,  120 ;  causes  the  paleness  in  flowers,  from  not  being 
completely  elaborated,  123 

Chyle,  in  the  animal  body,  formation  of,  An.  Phys.,  41  ;  chyme  is  converted  into,  ib.;  a 
white  fluid,  ib. ;  globules  of  the,  42 ;  absorbed  by  lacteals,  51 ;  replenishes  the  blood,  ib. 
Chylijication,  the  organs  of,  considered,  An.  Phys.,  33;  their  figure,  ib. ;  formation  of 
chyle  considered,  41 

Chyme  considered,  An.  Phys.,  40 ;  vegetable  differs  from  animal,  ib.  ;  mixed  with  bile,  41 
Chymijication,  the  organ  of,  An.  Phys.,  32;  the  process  is  performed  by  the  stomach,  ib.; 

chyme,  40  ;  muriatic  acid  is  present  during  the  process  of,  44 
Cicero,  An.  Mech  ,  33 
Cinnabar,  Chem.,  53 

Cinnamomum,  badly  described  in  ‘  Marsden’s  History  of  Sumatra,’  Bot.,  215 
Circulating  system  of  the  blood  not  necessary  in  some  animals,  An.  Phys.,  61 
Circulation  of  fluids  in  plants,  Bot.,  90 — 92  ;  pulmonary,  of  the  blood,  An.  Phys.,  61  ;  in 
the  holothuria,  63  ;  performed  by  arteries  and  veins,  ib.  ;  central  organ  of,  ib. :  proofs 
of  the,  75 ;  action  of  the  heart  on,  78  ;  the  heart  not  the  only  agent  in  the,  ib.  ;  uses 
of,  86 

Classes,  in  plants,  described,  Bot.,  146,  147 

Class  I.  of  Lindley’s  system  of  botany  contains  exogens  or  dicotyledons,  Bot.,  161;  sub-class 
I.  contains  Polypetalce,  ib. ;  group  1st  contains  six  alliances  and  twenty-one  orders,  161 — 
163;  group  2nd  contains  six  alliances  and  eighteen  orders,  163 — 165;  group  3rd  contains 
four  alliances  and  fourteen  orders,  165,  166;  group  4th  contains  four  alliances  and 
sixteen  orders,  167,  168;  group  5th  contains  five  alliances  and  twenty-seven  orders,  168 
— 171  ;  group  6th  contains  four  alliances  and  ten  orders,  171,  172  ;  group  7th  contains 
four  alliances  and  ten  orders,  173,  174;  sub-class  II.  consists  of  Incomplete?,  174 — 179  ; 
group  1st  contains  four  alliances  and  fourteen  orders,  174,  175  ;  group  2nd  contains 
five  alliances  and  nine  orders,  175,  176  ;  group  3rd  contains  five  alliances  and  nine 
orders,  177  ;  group  4th  contains  two  alliances  and  two  orders,  178  ;  group  5th  contains 
five  alliances  and  eight  orders,  178,  179;  sub-class  III.  consists  of  Monopetalae,  179 — 
186;  group  1st  contains  five  alliances  and  sixteen  orders,  179,  180;  group  2nd  contains 
five  alliances  and  ten  orders,  181,  182;  group  3rd  contains  five  alliances  and  eleven 
orders,  182;  group  4th  contains  three  alliances  and  eight  orders,  183  ;  group  5th 
contains  eight  alliances  and  seventeen  orders,  184,  185. 

Class  II.  treats  of  gymnosperms,  subdivided  into  four  orders,  Bot.,  186 
Class  III.  treats  of  endogens,  subdivided  into  six  groups,  Bot.,  186 — 191 ;  group  1st  con¬ 
sists  of  five  alliances  and  nine  orders,  186,  187  ;  group  2nd  consists  of  three  orders, 
187,188;  group  3rd  consists  of  five  alliances  and  nine  orders,  188,  189;  group  4th 
contains  three  orders,  189  ;  group  5th  contains  four  alliances  and  eight  orders,  189, 
190  ;  group  6th  consists  of  five  orders 
Class  IV.  treats  of  rhizanths,  subdivided  into  four  orders,  Bot.,  191 

Class  V.  treats  of  acrogens,  subdivided  into  five  alliances  and  fifteen  orders,  Bot.,  191,  192 
Coagulation  of  the  blood,  An,  Phys.,  54 
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Cobalt  described,  Chem.,  61  ;  oxide  of,  ib. ;  peroxide  of,  62 ;  chloride  of,  99  ;  salts  of,  123 
Cogging,  An.  Mech.,  5 

Cohesion,  nature,  of  explained,  Chem.,  2;  possessed  by  every  solid  substance,  An.  Phys. ,2 1 
Colcothar  described,  Chem.,  104 

Colours,  observations  on,  Bot.,  120 — 125  ;  De  Candolle  on  the  subject  of,  quoted,  120; 
action  of  the  solar  light  causes  colours  in  plants,  120  ;  red,  124;  blue,  ib. ;  scale  of,  122  ; 
black,  why  omitted,  124;  white-flowered,  common  in  cold  countries,  123 
Colour  is  one  of  the  particulars  by  which  species  in  plants  are  distinguished,  Bot.,  135  ;  of 
the  blood,  An.  Phys.,  52 

Columbium,  a  rare  metal,  described,  Chem.,  63  ;  oxide  of,  or  Columbic  acid,  ib. 

Columnar  comes  of  the  valves  of  the  heart,  An.  Mech.,  37 
Columnosce ,  Bot.,  178 

Composition  and  compounds,  the  nature  and  effects  of,  Chem.,  5 

Contractility  is  the  power  in  the  muscular  fibre  of  shortening  itself,  An.  Phys ,  21  ;  the 
only  property  of  pure  muscle  is  truly  a  vital  power,  ib. ;  the  generator  of  power,  ib.  ; 
produced  by  volition,  22  ;  the  muscular  fibres  of  the  heart  and  the  cause  of  its  con¬ 
tractility,  79  ;  of  the  arteries,  diminishes  as  the  elasticity  increases,  82 
Convulated  vessels  of  the  kidney  represented,  An.  Phys.  115 

Cooper,  Sir  A.,  on  the  digestibility  of  the  several  dietary  substances,  An.  Phys.,  48 
Copper,  its  properties  described,  Chem.,  60  ;  proto-sulphuret  of,  6  ;  per-sulphuret  of,  ib.  ; 
nitrate  of,  91  ;  sub-nitrate  of,  92;  hypo-nitrites  of,  94  ;  per-sulphate  of,  103;  carbonate 
of,  114;  its  presence  in  plants,  Bot.,  82;  consumed  in  coffee,  ib. ;  is  also  consumed  in 
bread,  ib.;  protoxide  of,  Chem.,  60;  per-oxide  of,  ib. ;  proto-chloride  of,  ib.  ;  per-clilo- 
ride  of,  ib. 

Cordage,  the  comparison  of  tendons  with,  An.  Mech.,  22  ;  the  force  of  the  muscles  is  con¬ 
centrated  on  the  moveable  bones  by  cords,  ib.  ;  the  process  in  rope-making  explained,  ib. ; 
hatchelling  the  hemp,  ib. ;  spinning  into  yarns,  &c.,  ib.  ;  a  sailor’s  splicing,  ib. 

Corolla,  Bot.,  37;  cannot  be  present  when  the  calyx  is  away,  151;  the  sexes  arise  from 
within  the,  153 

Corrosive  sublimate,  component  parts  of,  Chem.,  6  ;  also  termed  bi-chloride  of  mercury,  53 
Cotyledons,  the  number  of,  is  one  of  the  means  of  distinguishing  plants,  Bot.,  157  ;  mono¬ 
cotyledons,  160;  di-cotyledons,  ib. 

Crab,  the,  described,  An.  Phys.,  28 

Cranium,  derived  from  the  Greek,  An.  Mech.,  4  and  note 

Crawford,  on  the  reciprocal  action  of  the  air  and  blood,  An.  Phys.,  108;  his  simple  theory, 
110 

Crustacea,  An.  Phys.,  28  ;  crab,  lobster,  prawn,  ib.  ;  their  singular  stomach  illustrated,  ib. 
Crystallization,  water  of, how  combined,  Chem.,  23  ;  water  of,  in  salts,  49 
Cupel/ation,  the  process'described,  Chem.,  59 
Curvcmbryoscc,  Bot.,  178 

Cuvier,  his  skill  in  physiology,  An.  Mech.,  16 
Cyanic  acid,  Chem.,  84 

Cyanites,  Chem.,  119;  ferro-cyanates,  1 19  ;  sulpho-cyanates,  120 

Cyanogen,  or  carburet  of  nitrogen,  described,  Chem.,  44 ;  compounds  of.  83 — 86  ;  per- 
chloride  of,  85 
Cyanous  acid,  Chem.,  84 

Cyanuret  of  mercury,  Chem.,  44  and  118  ;  of  chlorine,  85  ;  of  iron,  119 
Cylinder  proved  to  be  the  form  of  greatest  strength,  An.  Mech.,  12 
Cylindrical  bones,  why  strong,  ib. 


D. 

Death,  apparent,  distinguished  from  actual  dissolution,  An.  Mech.,  47 

Dc  Candolle's  Organigraphie,  Bot.,  25  ;  his  remark,  75  ;  quoted,  78  ;  his  experiments,  85  ; 

a  difficult  question  put  by  him,  117  ;  quoted,  145 
Decomposition,  counteracted  in  living  bodies,  An.  Phys.,  6 
Decrepitate,  when  said  of  salts,  Chem.,  88 
Deflagration  in  chemistry,  Chem.,  90 
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De/Jorcsce,  when  said  of  salts,  Client.,  88 
Degeneration,  Bot.,  57 

Deglutition ,  the  organs  of,  An.  Phys.,  31  ;  the  pharynx,  ib. ;  sesophagus  or  gullet,  ib. ;  is  a 
vital  action,  38  ;  the  food  is  propelled  by  muscular  contraction,  ib. ;  three  distinct  stages 
of,  39  ;  the  temporary  closing  of  the  windpipe  at  the  proper  time  is  wonderfully  contrived, 
An.  Mech.,  55 

Deity,  the,  existence  of  the,  sufficiently  proved  by  a  straw,  An.  Mech.,  12 
Derham's  Physico-theology,  An.  Mech.,  30 

Descriptions,  botanical,  importance  of,  Bot.,  214;  the  cinnamomum  nitidum  badly  described 
in  ‘  Marsden’s  History  of  Sumatra,’  Bot.,  215;  of  viola  tri-colour,  217;  in  generic  and 
specific  characters,  218 

Descriptive  botany,  defined,  Bot.,  1  ;  treated  of,  214 — 222 

Design,  perfection  of,  in  the  bones  of  the  head,  spinfe,  and  chest,  An.  Mech.,  1 — 31 ;  proved 
by  comparison  with  things  of  human  invention,  ib. 

Deulo-chloride,  &c.,  derived  from  the  Greek,  Chem.,  26 

Deutoxide,  defined,  Chem.,  17  ;  of  nitrogen,  described,  19  ;  how  converted  into  protoxide  of 
nitrogen,  20;  of  lead,  58 ;  of  antimony,  62;  of  chromium,  64 ;  of  manganese,  70;  of 
calcium,  74 

Diagnosis  in  botany,  Bot.,  220 

Diagram,  representing  the  section  of  a  tree,  But.,  96 

Diagram  of  the  bones  and  muscles  of  the  fore  arm,  An.  Mech.,  24  ;  of  the  fore-arm,  25  ;  of 
two  pieces  of  wood  to  be  drawn  together  by  a  cord,  26  ;  of  the  foot,  27 
Diamond,  or  carbon,  Chem.,  38 
Diana,  tree  of,  what  so  called,  Chem.,  93 
Diaphragm,  the,  described,  An.  Phys.,  95  ;  figure  of,  96 
Diastole  of  the  heart,  An.  Phys.,  80 

Dichotomous  analysis  of  the  natural  orders  of  the  British  Flora  according  to  Lamerck,  Bot. 
208—213 

Dicotyledon,  Bot.,  160 

Diet,  various,  a  mixture  of,  is  conducive  to  health,  An.  Phys.,  47  ;  experiments  illustrative 
of  this,  48 

Digestibility  of  substances,  some  experiments  upon,  An.  Phys.,  48 
Digestion  of  plants  considered,  Bot.,  84 — 87 

Digestion,  function  of,  in  the  higher  animals,  An.  Phys.,  29;  the  apparatus  of  digestive 
actions,  ib.;  of  solid  aliment,  37  ;  how  it  takes  place,  39  ;  of  fluids,  42,  not  mechanical 
but  chemical,  43  ;  effected  by  nervous  agency,  44 
Digestion  in  herbivarous  quadrupeds,  An.  Phys.,  35 
Dimension,  in  botany,  helps  to  distinguish  species,  Bot.,  133 

Dishing  of  a  wheel  explained,  An.  Mech.,  21 ;  the  same  principle  holds  in  the  thigh-bone, 
see  figure,  ib. 

Disk,  in  plants,  found  sometimes  between  stamens  and  ovary,  Bot.,  155  ;  it  rises  from  the 
base  of  the  ovary,  47 

Disquamate,  said  of  the  skin,  a  term  in  anatom}’,  An.  Mech.,  17 
Distillation,  the  process  of,  explained,  Chem.,  4 

Division,  botanical,  one  of  the  particulars  by  which  species  are  distinguished,  Bot.,  134 
Dollond,  his  computation  respecting  pollen-fluid,  42 

Dome,  the  best  illustration  of  the  form  of  the  head,  An.  Mech.,  7  ;  defined,  ib. ;  the  pan¬ 
theon  was  the  first  dome,  ib. ;  of  St.  Sophia,  ib. ;  of  the  cathedral  of  Florence,  ib.;  of  St, 
Paul’s,  ib. ;  of  the  cranium,  how  secured,  ib. 

Dorsal  vessel,  An,  Phys.,  62 

Dorsal  vertebra;  described,  An.  Phys.,  94  ^ 

Dotted  ducts  resemble  vascular  tissue,  Bot.,  67 

Double  salts,  how  composed,  Chem.,  98  ;  chloride  of  platinum  and  potassium,  ib. ;  chloride 
of  gold  and  sodium,  ib. ;  chloride  of  platinum  and  sodium,  99  ;  muriate  of  platinum  and 
ammonia,  how  produced,  ib. 

Double  salts,  alum  so  called,  Chem.,  106  ;  very  useful  in  calico  printing,  ib. 

Drinking  during  meals  shown  to  be  wholesome.  An.  Mech.,  55 
Ductile,  the  terra  explained,  Chem.,  52 
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Ducts,  closed,  Bot.,  71 ;  annular,  ib. ;  reticulated,  ib. 

Ducts,  excretory,  An.  Phys.,  114  ;  the  ureter  in  the  kidney,  116  ;  the  thoracic,  125 
Dumas  and  Prevost  (MM.),  their  experiments  on  the  blood,  An.  Phys.,  55 
Duodenum  described,  An.  Phys.,  33 
Du  Petit  Thouars,  the  doctrine,  Bot.,  95 

Duration,  in  botany,  one  of  the  particulars  by  which  species  are  distinguished,  Bot ,  132 
Dutch  gold,  an  alloy  of  zinc,  Chem.,  69 

Dutrochet,  a  French  physiologist,  quoted,  Bot.,  76;  his  principle  termed  endosmose,  An. 
Phys.,  126 

E. 

• 

Earth  of  bones,  or  sub-phosphate  of  lime,  An.  Mech.,  14 
Earths,  or  oxides  of  earthy  metals,  Chem.,  76 
Earthy  metals  described,  Chem. ,76 — 78 
Ecchymosis,  An.  Phys.,  59 

Edwards  (Dr.),  his  remarks  on  the  chyle,  An.  Phys.,  42 
Effect  of  long  abstinence  on  the  appetite,  An.  Phys.,  49 

Effects  of  respiration  on  the  chemistry  of  the  air  inspired,  An.  Phys.,  103 — 106  ;  of  respira¬ 
tion  on  the  bulk  of  ditto,  106  ;  of  respiration  on  the  properties  of  the  blood,  ib. ;  subordi¬ 
nate,  of  respiration,  considered,  11 1 
Egg,  the  preservative  principle  of,  An.  Phys.,  57 
Elastic  structure  of  the  camel’s  foot,  An.  Mech.,  54 

Elasticity,  action  of,  important  in  the  functions  of  life,  An.  Phys.,  20  ;  peculiar  to  the  cellu¬ 
lar  tissue,  ib.;  the  cartilages  of  the  ribs  endowed  with,  21  ;  also  the  arteries,  ib. ;  is  ne¬ 
cessary  to  the  respiration  and  circulation,  ib. ;  of  the  epiglottis,  ib. 

Elater  noctilucus  in  South  America,  its  secretion,  ,4m.  Phys.,  118 
Electric  fluid,  the,  suddenly  kills  the  blood,  An.  Phys.,  58 
Electricity,  attraction  of,  Chem.,  2 

Electropositive  and  electro-negative  bodies  defined,  Chem.,  10 
Elementary  structure,  the,  of  animal  solids  explained.  An.  Phys  ,17 
Elementary  organs  of  plants,  Bot.,  65 
Elements,  four  gaseous,  in  common  atmosphere,  Chem.,  10 

Elements,  non-metallic,  fixed,  explained,  Chem.,  37  ;  the  ultimate  of  vegetable  bodies,  An. 
Phys.,  11 

Embryo,  considered,  Bot.,  55,  56  ;  monocotyledonous,  56;  acotyledonous,  ib. ;  annular,  ib. 
Enamel  of  the  teeth  is  absorbed  as  regularly  as  the  softest  fluids,  An.  Phys.,  127 
Endogenous  stems,  Bot.,  17 
Endogens,  Bot.,  160 
Endosmometers,  An.  Phys.,  126 

Endosmose,  the  important  phenomenon  of,  Bot.,  76  ;  effects  of,  on  the  balsam,  77 
Engineer,  how  he  counteracts  the  vis  inertiae  in  hydraulics,  An.  Mech.,  43 
Epiglottis,  the  elasticity  of,  An  Phys.,  21 
Epigynosoc,  Bot.,  163 

Epsom  salts,  or  sulphate  of  magnesia,  Chem.,  106 
Equivalents,  chemical,  a  table  of,  Chem.,  8 
Eudiometry,  defined,  Chem  ,  19 
Evaporation,  the  process  of,  explained,  Chem.,  4 
Excrementitious  substances,  An.  Phys.,  127 
Excretion ,  the  organs  of,  An.  Phys.,  35 
Excretion,  An.  Phys.,  127 ;  vegetable,  Bot.,  103 
Exogens  defined,  Bot.,  160,  161 

Extremities,  their  bones  and  joints  are  well  designed,  An.  Mech.,  12 
Eye  or  bud  in  the  tuber,  Bot.,  12 

Eye,  the,  orbits  of,  resemble  crypts  in  architecture,  An.  Mech.,  7 
Eye-lashes,  their  uses  explained,  An.  Mech.,  52 


GENERAL  INDEX. 


11 


F. 

Fahlun,  in  Sweden,  the  place  where  selenium  was  first  discovered,  Chcm.,  37 
Farina  abounds  most  in  wheat,  An.  Phys.,  47 
Farina  faecundans,  An.  Phys.,  8 
Fasciculi,  An.  Phys.,  15 

Fenelon  on  animal  economy,  An.  Mech.,  30  ;  his  ‘  Demonstration  de  l’Existence  de  Dieu, 
quoted,  16 

Ferro-cyanic  acid,  Chem.,  86 

Ferro-cyanates,  Chem.,  119 ;  of  potash,  ib.,  of  baryta,  120 
Ferro-cyanurets,  Chem.,  119  ;  of  potassium,  or  ferro  cyanate  of  potash,  ib. 

Fertilisation  considered,  Bot.,  107 — 112 

Fibres  possess  muscular  power,  An.  Mech.,  24  ;  contractile  power  of,  is  as  yet  unexplained, 
ib. ;  of  the  bone,  give  toughness,  14 
Fibrin,  An.  Phys.,  54 ;  forms  the  basis  of  muscle,  55 
Fibrous  cellular  tissue,  how  formed,  Bot.,  67  ;  membranes,  An  Phys.,  15 
Ficus  Indica,  An.  Phys.,  27 

Figure  of  the  position  of  the  heart,  An.  Phys.,  68  ;  of  the  pericardium,  69  ;  of  the  right 
side  of  the  heart,  ib.;  of  the  three  semi-lunar  valves,  70;  of  the  posterior  view  of  the 
heart,  ib. ;  of  a  valve,  73  ;  of  the  heart  of  the  foetus,  76  ;  of  tracheae  in  the  wing  of  a  but¬ 
terfly,  88  ;  of  the  gills  of  a  trout,  90  ;  of  the  lungs  of  a  frog,  91 ;  of  the  trunk  of  the 
human  skeleton,  93  ;  of  the  dorsal  vertebrae,  94 
Figure  representing  the  bones  of  the  head,  An.  Mech.,  4 ;  of  the  skull  with  teeth,  An. 
Phys.,  30  ;  of  the  skull  of  the  owl,  ib. ;  of  the  North  Polar  bear,  ib. ;  of  the  salivary 
glands,  31  ;  of  the  aesophagus,  ib.;  of  the  stomach,  &c.,  32;  of  the  duodenum,  34  ;  of 
the  gizzard,  36  ;  of  the  pylorus,  40  ;  of  the  dorsal  vessel  of  caterpillars,  62  ;  of  the  circu¬ 
lating  apparatus,  64  ;  of  the  heart  of  a  fish,  65  ;  of  the  head  of  a  frog,  66  ;  of  a  human 
heart,  67  ;  of  the  diaphragm,  96;  of  anterior  larynx  and  trachea,  97  ;  posterior  view  of 
do.,  ib.  ;  of  the  human  lungs,  98  ;  of  a  gland,  114;  of  the  kidney,  115,  116;  of  the 
splenic  artery,  117;  of  a  portion  of  the  intestine,  118;  of  a  stream  of  water  flowing 
through  the  bottom  of  a  cistern,  An.  Mech.,  38  ;  of  a  reservoir  with  a  short  tube  giving 
issue  to  the  water,  39 ;  of  the  motion  of  fluids  in  tubes,  ib. ;  of  an  artery  with  its  branches, 
40 

Filament,  the  elementary  solid,  An  Phys.,  13  ;  in  hydraulics,  its  meaning,  An.  Mech.,  39, 
and  note 

Fire-damp  of  coal-mines,  how  occasioned,  Chem.,  40 

Fixed  oils,  table  of,  in  various  seeds,  Bot.,  102 

Fixed  non-metallic  elements  explained,  Chem.,  37 

Flame,  phenomena  of,  depend  on  combustible  gases,  Chem.,  42 

Flora,  British,  extract  from  Dr.  Hooker’s,  Bot.,  201 

Flora,  watch  of,  Bot.,  107 

Floral  structure,  on  what  principles  based,  Bot.,  62 
Flower,  envelopes  of,  But.,  36  ;  temperature  of,  112 

Flower  is  a  collection  of  metamorphosed  leaves,  Bot.,  59  ;  its  correct  definition,  62  ;  effects 
of  alcohol  on  white,  123;  also  of  alkali,  ib.  ;  white  is  common  in  cold  countries,  ib. 

Flowers  of  bismuth,  Chem.,  61 
Flowering,  Bot.,  105 — 107 

Fluidity  of  the  blood,  an  argument  for  its  vitality,  An.  Phys.,  58 

Fluids  in  plants,  movements  of,  considered,  Bot.,  90,  92;  their  motions  in  tubes  explained. 
An.  Mech.,  39  ;  Digestion  of,  An.  Phys.,  42  ;  not  well  understood,  ib. ;  circulate  directly 
through  the  liver,  ib. ;  the  supply  of,  necessary  to  repair  the  waste  of  system,  51 
Fluids,  animal,  treated  of,  An.  Phys.,  1 J,  12  ;  abound  more  in  young  than  in  old,  1 1  :  rela¬ 
tive  proportion  of  solids  to,  in  the  human  body,  16.;  their  density,  ib. ;  how  composed,  ib.  ; 
nutritive,  ib. 

Fluo- borates,  Chem.,  118 
Fluo-boric  acid,  Chem.,  83 
Fluorides,  Chem.,  117  ;  of  calcium,  16. 

Fluoride  of  potassium,  Chem.,  82 
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Fluorine  and  its  compounds  described,  Chem.,  81 — 83 
Fluor  spar,  Chem.,  82 

Fluo-silicates,  how  characterised,  Chem.,  118 
Fluo-silicic  acid,  Chem.,  82,  83 

Foetal  substitute  for  respiration  considered,  An.  Phys.,  112 

Foetus,  the  course  of  the  blood  in,  An.  Phys.,  76;  it  does  not  respire,  101 

Follicles,  small  bags  for  secretion.  An.  Phys..  114 

Food  of  plants  and  animals,  An.  Phys.,  45 

Foot,  the,  a  squareness  in  its  position  consistent  with  strength, as  in  the  statue  of  Hercules, 
An.  Mech.,  21;  the  toes  outwards  indicate  lightness,  ib. ;  the  bones  of,  16;  the  tarsus 
metatarsus,  phalanges,  17;  junction  to  the  leg  at  the  ankle-joint,  ib.;  the  fibula,  tibia, 
astragalus,  ib.  ;  when  finely  formed,  is  high  in  the  instep,  18  ;  of  a  bird,  when  perched, 
represented,  19 

Forces,  living,  the  application  of,  An.  Mech.,  33  , 

Form,  one  of  the  particulars  by  which  species  in  botany  are  distinguished,  Hot.,  134 
Fries,  his  observations  quoted,  Bot.,  149 
Fritzsche,  Dr  ,  his  observations,  Bot.,  42 

Frog,  the,  mode  of  respiration  of.  An,  Phys.,  99;  experiment  on,  108 
Frontal  bone,  the,  figure  of,  An.  Mech.,  4 

Fruiting ,  considered,  Bot.,  112 — 114;  the  appearances  of  pericarp  at,  113 
Fruit,  treated  of,  Bot.,  47 — 52;  in  what  it  differs  from  ovary,  48 
Fruits,  analysis  of  certain,  before  and  at  ripeness,  114  ;  green,  remarks  on,  113 
Fulminating  powder,  how  formed,  Chem.,  90  ;  gold  exploded  by  friction,  98 
Fulminates,  Chem.,  119  ;  of  silver,  ib. 

Fulminic  acid,  Chem.,  84 

Function,  the,  of  an  organ  defined,  An.  Phys.,  23 
Fungi,  Unger’s  observations  on,  Bot.,  119 


G. 


Galen  on  the  human  body,  An.  Mech.,  33 
Galena,  described,  Chem.,  59 

Gallon,  its  capacity  settled  by  act  of  parliament,  Chem.,  15 

Galvanism,  supposed  by  some  to  be  a  principle  of  life,  An.  Mech.,  49  ;  this  notion  refuted, 
ib.  ;  its  phenomena  explained,  ib. 

Gardening,  terms  used  in,  budding,  grafting,  &c.,  Bot.,  20 
Gas,  the,  evolved  from  chymification,  An.  Phys.,  44 
Gases,  experiments  and  apparatus  for  collecting,  Chem.,  11 

Gasteropoda,  the  species  of  animal  which  secreted  the  Tyrian  purple,  An.  Phys.,  119 
Gastric  juice,  the,  An.  Phys.,  4  ;  it  resists  putrefaction,  43  ;  acts  as  a  specific  ferment,  44 
Gemmation,  a  process  in  gardening,  Bot.,  20 
Generation,  the  term  explained,  An.  Phys.,  7 

Genus,  defined  and  described,  Bot.,  139 — 145;  caution  respecting  its  formation,  144 
Geometry,  defined,  An.  Phys.,  1 
Germ  of  the  seed,  An.  Phys.,  8 

Germination,  observations  on,  Bot.,  116, 117;  chemical  agency  on,  ib. 

Gland,  with  excretary  duct,  represented,  An.  Phys.,  114;  the  liver,  1 15 ;  Malpighi  not 
correct  respecting  it,  ib. ;  acini,  ib. ;  kidney  is  a  glandular  tissue,  ib. ;  conglomerate, 
116  ;  conglobate,  ib. ;  absorbent,  122 

Glands,  their  powers  in  plants,  Bot.,  8;  salivary,  An.  Phys.,  31;  parotid,  ib. ;  sub-max¬ 
illary,  ib.;  sub-lingual,  ib.  ;  the  liver  is  the  largest  of  the,  34 
Glandular,  woody,  fibre,  Bot.,  69 

Glass,  formed  of  silex  and  other  ingredients,  Chem.,  46  ;  bottle,  how  composed,  ib.  ;  win¬ 
dow,  ib. ;  plate,  ib. 

Glass  of  antimony,  Chem.,  63 
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Globute  in  the  cellular  tissue,  An.  Phys.,  18;  in  the  muscular,  ib. ;  in  the  nervous,  19; 

in  the  chyle,  42  ;  central,  in  the  blood,  ib. 

Glottidis  rima,  its  uses,  An.  Mecli.,  33 

Glucinum,  its  derivation  and  properties,  Chem 77  and  note  ;  oxide  of,  ib. 

Glucina,  or  oxide  of  glucinum,  Chcrn.,  77 
Glumosa,  Bot.,  190 

Gluten,  most  nutritious,  An.  Phys.,  46  ;  abounds  most  in  wheat,  47 

Gold,  its  properties  and  uses,  Chem.,  55 ;  oxide  of,  is  uncertain,  ib. ;  amalgam  of,  used 
for  gilding,  56  ;  fulminating,  explodes  by  friction,  98;  per-chloride  of,  55;  per-sul- 
puret  of,  ib. ;  chloride  of,  97,  98 

Gold,  mosaic,  or  bi-sulpliuret  of  tin,  Chem.,  67 
Grafting,  a  process  in  gardening,  Bot.,  20 
Gravitation,  attraction  of,  Chem.,  2 
Gravity,  specific,  of  the  blood,  An.  Phys.,  53 

Groining,  in  masonry,  illustrative  of  a  portion  of  the  skull.  An.  Mech.,  8 
Ginn,  its  properties  and  uses,  Bot.,  99 
Gunpowder,  how  composed,  Chem.,  90 

Gymnastics  an  unsafe  practice,  often  the  cause  of  rupture,  An.  Mech.,  29  ;  the  great 
school  at  Stockholm,  ib. 

Gymnospcrms,  Bot.,  160 
Gynandrosee  (plants),  Bot.,  187 

Gynceceum,  the,  or  fructifying  system,  An.  Phys.,  42 
Gynobase,  represented,  Bot.,  43 
Gynobascosce  (plants),  Bot.,  171 


H.  . 

Hairs,  lymphatic,  Bot.,  7  ;  glandular,  8 
Hale's  experiment  on  sap,  Bot.,  90,  91 

Haller  on  cellular  tissue,  An.  Phys.,  14;  mistaken  respecting  sensibility,  An.  Mech.,  61 
Happiness,  chief  source  of,  is  in  ourselves,  An.  Mech.,  57 
Harmonia,  its  signification  in  anatomy,  An.  Mech.,  4 

Harrogate,  the  mineral  waters  of,  impregnated  with  sulphuretted  hydrogen,  Chem.,  32 
Hartley  and  other  philosophers  were  ignorant  of  nervous  influences,  An.  Mech.,  58 
Harvey's  doctrine  respecting  the  circulation  of  the  blood,  An.  Phys.,  78  ;  his  illustration 
of  the  apparent  insensibility  of  the  heart,  An.  Mech.,  51 
Hawser  rope,  An.  Mech.,  23 

Head,  the,  carpentry  and  architecture  of,  An.  Mech.,  2,  3 ;  the  junction  of  the  boues  of, 
4 ;  its  bones  securely  bound  together,  7  ;  its  form  illustrated  by  the  dome,  ib. 

Heart,  the,  a  propelling  engine,  An.  Phys.,  63;  of  the  cray-fish,  ib. ;  its  auricles,  64  ;  ven¬ 
tricles,  ib.  ;  figures  of  fish,  65  ;  figure  of  the  heart  of  a  frog,  66  ;  is  double  in  the  higher 
animals,  67  ;  the  plan  of  the  right  side  of,  69  ;  is  composed  of  four  distinct  tissues,  71  ; 
is  a  proof  of  the  wisdom  of  God,  75  ;  its  action  on  the  circulation,  78 — SO  ;  its  muscular 
fibres  are  the  cause  of  its  contraction,  79  ;  as  also  of  its  dilatation,  ib  ;  its  suction  power, 
83 ;  its  simplest  form  represented,  An.  Mech.,  34 ;  its  resemblance  to  a  cistern  attached 
to  a  lever,  48  ;  Harvey’s  anecdote  respecting  it,  51 
Heart's-ease,  perfect  in  its  structure,  examined,  Bot.,  2 
Heat,  its  effects  upon  vegetation,  Bot.,  79 
Heat,  animal,  theory  of,  explained,  An.  Phys.,  109 
Herbarium,  Bot.,  214 
Hippocrates  on  digestion,  An.  Phys.,  43, 

Homberg's  pyrophorus  produced  from  alum,  Chem.,  IS® 

Hooks  of  plants,  Bot.,  32 
Horn-lead,  why  so  called,  Chem.,  59 
Horn-silver,  or  chloride  of  silver,  Chem.,  54 
Horse,  An.  Mech.,  28 

Horse-training ,  regulation  in  the  army  respecting,-  Am.  Mech.,  29 
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Human  body,  the,  is  formed  with  reference  to  the  mind,  An.  Mech.,  1 ;  is  many  times 
entirely  changed  in  the  progress  of  life,  3 
Humboldt' s  discovery,  Bot.,  75 
Hume,  on  the  subject  of  pain,  refuted,  An.  Mech.,  56 
Hunger,  treated  of.  An.  Phys.,  50 

Hunter,  Mr.,  calls  the  stomach  the  centre  of  sympathies.  An.  Phys.,  33  ;  his  illustration, 
49,  50 ;  his  experiments  on  the  blood,  57,  58  ;  his  proof  that  the  artery  is  a  cone,  with 
its  apex  in  the  heart,  An.  Mech.,  40;  his  observation  on  matter,  47  ;  speaks  of  parts  of 
the  body,  as  conscious  of  their  own  imperfection,  59 
Hunter,  Dr.,  mistaken  in  his  opinions  respecting  sensibility,  An.  Mech.,  51 
Hybernation,  the  property  of,  in  animals,  considered,  An.,  Phys.,  4 
Hydrates  defined,  Chem.,  49 

Hydraulics ,  the  principle  of,  as  applied  to  the  circulation  of  the  blood,  An.  Mech.,  34 — 45  ; 
how  the  vis  inertia  is  counteracted  in,  43 

Hydriodate  of  ammonia,  described,  Chem.,  50  and  102  ;  crystallizes  in  the  form  of  cubes, 
50  ;  of  potash,  101,  of  iron,  ib. ;  of  zinc,  ib. 

Hydriodic  acid,  a  compound,  described,  Chem.,  29 

Hydro- acids'and  their  compounds,  Chem.,  86 — 90  ;  table  of,  87 

Hydro-bromutes,  Chem.,  100  ;  of  potash,  or  bromide  of  potassium,  ib. ;  of  baryta,  or  bro¬ 
mide  of  barium,  ib. ;  of  ammonia,  ib. 

Hydro-bromic  acid,  how  obtained,  Chem.,  28 ;  is  analogous  in  its  composition  to  muriatic 
acid,  ib. 

Hydro-carburet  of  chlorine,  the  term,  how  applied,  Chem.,  42 
Hydro-chloric  acid,  how  obtained,  Chem.,  24 
Hydro-cyanates,  or  cyanurets,  Chem.,  118 
Hydro-cyanic,  or  prussic  acid,  Chem.,  83,  84 

Hydro-Jluates,  or  fluorides,  Chem.,  117;  of  ammonia,  ib. ;  of  potash,  ib.  ;  of  soda,  ib. 
Hydro-fluoric  acid  described,  Chem.,  81,  §2 

Hydrogen,  derivation  of  the  term,  Chem.,  13  ;  the  gas,  how  obtained,  used  for  filling  air- 
balloons,  ib. ;  enters  into  the  composition  of  water,  14;  sulphuretted,  32;  bi-sulphur- 
etted,  33;  arseniuretted,  a  very  dangerous  compound,  65;  is  essential  to  vegetation, 
But.,  81 

Hydro-phosphorous  acid,  Chem.,  34  ;  how  converted  into  phosphoric  acid,  ib. 

Hydro-sulphate  of  ammonia  described,  Chem.,  51,  and  note  ;  is  much  employed  as  a  test  for 
metals  in  solution,  ib. 

Hydro-sulphurets,  or  sulpliurets  soluble  in  water,  Chem.,  108;  of  potash,  ib. 
Hydro-sulphuric  acid,  or  oil  of  vitriol,  how  obtained,  Chem.,  31 

Hygro-metrical  properties  of  plants,  Bot.,  75  ;  of  the  rose  of  Jericho,  ib. ;  of  the  lycopodium 
of  Peru,  ib. 

Hypo-gynoscc  (plants),  Bot.,  1S8 

Hypo-nitrites,  how  distinguished,  Chem.,  93,  94  ;  of  lead,  93 ;  of  copper,  94  ;  of  potash,  ib. 
Hypo-nitrous  acid  described,  Chem.,  20 
Hypo-phosphites,  Chem.,  112;  of  baryta,  ib. 

Hypo-phosphorous  acid,  how  obtained,  Chem.,  35 

Hypo-sulphates,  how  known,  Chem.,  107;  of  manganese,  107,  108;  of  baryta,  108 
Hypo-sulphites  described,  Chem.,  107  ;  of  potash,  ib. ;  of  lime,  ib.  ;  of  baryta,  ib.  ;  of  silver, 
ib. 

Hypo-sulphuric  acid,  the  process  of  obtaining,  Chem.,  32 
Hypo-sulphurous  acid  described,  Chem.,  32 

Hypotheses,  false,  often  accompany  improvements  in  chemistry,  An,  Mech.,  49 


I. 

Ideas,  relative  to  motion,  often  confused,  An,  Mech.,  48 
Identity,  botanical,  defined,  Bot.,  130 

Identity  in  the  structure  of  the  different  tissues  of  the  animal  body,  An.  Phys.,  19 
Illumination,  the  art  of,  by  what  means  improved,  Chem.,  43 
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Inductive  reasoning  commended,  An.  Mech .,  50 

Inertia,  law  of,  applicable  to  fluids  as  well  as  solids,  An.  Mech.,  43 

Infants,  An.  Phys.,  49 

Inflorescence,  Bot.,  34  ;  indeterminate,  ib.  ;  determinate,  ib. 

Infusoria,  the  lowest,  class  of  animated  beings,  An.  Phys.,  25  ;  the  monas  termo  described, 
ib. ;  the  volvox  globator,  ib. 

Inorganic  bodies  defined,  An.  Phys.,  1 ;  changes  in,  how  effected,  6  ;  particles  of,  how  held 
together,  6  ;  how  distinguished  from  organic  bodies,  ib. 

Inosculation  of  vessels,  An.  Phys.,  73 
Insects  possess  no  central  organ,  An.  Phys.,  73 

Inspiration,  the  first,  at  birth  considered,  An.  Phys.,  101  ;  its  connexion  with  the  establish¬ 
ment  of  a  double  circulation,  102 
Intercellular  passages,  Bot.,  7 1 
Intercostal  muscles,  obliquity  of,  An,  Mech.,  26 
Intervertebral  cartilages,  An.  Phys.,  94 
Intestinal  actions  counteract  decomposition,  An.  Phys.,  6 

Intestines,  large,  An.  Phys.,  33  ;  small,  34;  duodenum,  ib. ;  jejunum,  ib. ;  ileum,  ib. ;  the 
great  do  not  contain  chyle,  35 
Iodates  described,  Chctn.,  100 

Iodic  acid,  a  compound  of  iodine  and  oxygen,  described,  Chem.,  29 

Iodine  of  nitrogen,  a  brownish-black  substance,  described,  Chem.,  30  ;  of  phosphorus,  how 
obtained,  36;  of  sulphur,  33;  of  barium,  102 
Iodine  defined  and  described,  Chem.,  28,  29  ;  absorbs  chlorine,  ib. 

Iridium  described,  Chem.,  57 ;  how  separated  from  osmium,  ib. 

Iron,  its  properties  and  uses,  Chem  ,  67;  cast,  ib. ;  protoxide  of,  ib. ;  peroxide  of,  ib. ; 
proto-chloride  of,  68;  per-chloride  of,  ib. ;  proto-sulphuret  of,  68,  109  ;  bi-sulphiiret  of, 
ib. ;  combined  with  carbon  forms  steel,  68,  69  ;  alloys  of,  69  ;  hydriodates  of,  104;  proto- 
sulphate  of,  104;  carbonate  of,  114;  cyanuret  of,  119;  pro-ferro-cyanate  of,  120;  salts 
of,  123 

Iron~pyrites,  a  natural  product,  Chem.,  68 
Irritability  of  plants  explained,  Bot.,  77 — 79 

J. 

Jentz  (Dr.),  an  anecdote  related  by,  An.  Phys.,  100 
Jet  d’eau  represented,  An.  Mech.,  39 

Joint,  the,  consists  of  the  union  of  two  bones,  An.  Mech.,  17;  covered  with  cartilage  to 
prevent  jar,  ib. ;  lubricated  by  synovia,  ib.  ;  capsule  of  the,  ib. ;  provision  for  its  wear 
and  tear,  ib. 

Jussieu’s  system  of  botany,  Bot.,  196 

K. 


Keelson,  an  inner  keel,  An.  Mech.,  9 

Kelp,  a  substance  used  for  making  soap,  Chem.,  28,  29 

Kidney,  the,  represented,  An.  Phys.,  115  ;  glandular  tissue  of,  ib. ;  lobulated,  ib. ;  interior 
of  the  human,  represented,  116  ;  the  ureter,  ib. 

Knight,  the  horticulturist,  Bot.,  86 


L. 

Lactea/s,  An.  Phys.,  122;  resemble  lymphatics,  ib. ;  absorb  chyle,  127 
Lacunce,  or  sacs  for  secretion,  An.  Phys.,  114 
Lamp,  safety,  the,  Chem.,  42,  43 

Larynx,  glottis,  epiglottis,  An.  Phys.,  97  ;.  how  many  tones  in  the  human  voice,  112  ;  the 
top  of  the  windpipe  so  called,  An.  Mech.,  52  ;  consists  of  five  elastic  cartilages,  ib.  •  ob¬ 
servations  respecting  its  sensibility,  ib. 

Law,  the,  of  definite  volumes,  Chem.,  14  ;  of  inertia,  An,  Mech.,  43 


1G 


GENERAL  INDEX, 


Lead,  its  properties  and  uses,  Chem.,  58  ;  protoxide  of,  ib, ;  deutoxideffc'  ib. ;  peroxide  of, 
59;  chloride  of,  ib. ;  sulphuret  of,  ib. ;  nitrate  of,  92;  salts  of,  124  * 

Leaf,  anatomical  structure  of,  Bot.,  31  ;  fall  of  the,  accounted  for,  86,  87 ;  wood  is  sent 
downwards  from  the,  94  ;  peltate,  28 
Leaf -bud,  Bot.,  19 — 21  ;  ovule,  a  modification,  60 

Leaves,  packed  up  in  the  bud,  Bot.,  20  ;  diversified,  21 ;  modified  according  to  veins,  24  ; 
forked-veined,  &c.,  ib.  ;  compound,  26;  simple,  ib. ;  internal  structure  of,  29 — 31;  the 
leaf  of  an  apple-tree,  29  ;  their  stipules,  31 ;  tendrils,  32  ;  hooks,  ib. 

Leg,  the,  two  bones  of,  tibia  and  fibula  receive  the  astragalus  between  them,  proof  of 
design,  An.  Mech.,  17  ;  bones  of,  represented,  19 
Lethargic  state  of  animals,  An.  Phys.,  4,  5 

*  Life,  defined,  An.  Phys.,  2  ;  its  principles  as  distinguished  from  mechanical  principles.  An. 
Mech.,  33;  produces  organization,  45  ;  when  compared  with  galvanism,  possesses  no 
common  point  of  resemblance,  49 
Ligaments,  in  what  respects  sensible  to  pain,  An.  Mech.,  51 

Light,  its  effects  upon  vegetation,  Bot.,  79  ;  decomposes  the  carbonic  acid  of  vegetation, 
84 ;  advances  the  growth  of  plants,  98 
Lightning,  effect  of  its  stroke,  An.  Mech.,  46 
Lilac,  a  branch  of,  examined,  Bot.,  94 

Lime,  or  protoxide  of  calcium,  how  obtained,  Chem.,  74;  nitrate  of,  91  ;  chloride  of,  95; 
sulphite  of,  102;  sulphate  of,  105;  hypo-sulphite  of,  107;  carbonate  of,  114;  salts  of, 
122  ;  its  presence  in  plants,  Bot.,  82 

Lindley,  Professor,  quoted,  Bot.,  143;  his  Nexus  Plantarum ,  148;  his  system  of  botany 
analysed,  161 — 192;  vide  Class 

Lindley  explains  the  curious  structure  of  the  pomegranate,  Bot.,  44 

Linnccan,  or  sexual,  system  of  botany,  Bot.,  195  ;  its  merits  and  defects,  199;  remarked 
upon  by  Professor  Lindley,  200 
Linneean  axiom,  Bot.,  142  ;  ought  to  be  reversed,  143 
Linnccus  discovered  sexes  in  plants,  Bot.,  1 98 
Lithia,  or  oxide  of  lithium,  described,  Chem.,  74  ;  salts  of,  122 
Lithimn,  its  nature,  Chem.,  73;  oxide  of,  74 
Living  forces,  how  applied,  An.  Mech.,  33 — 63 
Lobes,  lobules,  An.  Phys.,  98 
Lumbar  vertebra:  described,  An.  Phys  ,  94 
Lunar  caustic,  used  in  surgery,  how  formed,  Chem.,  93 

Lungs,  the,  complete  the  process  of  digestion,  An.  Phys.,  55 ;  like  a  second  stomach,  87 ; 
suction  power  of,  83;  digest  air,  87;  of  a  frog,  represented,  91  ;  rudimental,  ib. ;  of  the 
salamander,  ib.;  of  the  cephalopoda,  ib. ;  of  the  turtle,  ib.;  of  serpents,  ib. ;  of  the  cha¬ 
meleon,  tb.;  figureof  the  human,  98 ;  purify  the  blood,  106;  essential  to  voice,  111  ; 
the  air  passing  within  them  arterializes  the  chyle,  113 
Lymphatic  system,  how  it  works,  An.  Mech.,  43 

Lymphatics,  the,  essential  to  the  circulation,  An.  Phys.,  71;  are  appendages  to  the  veins, 
ib. ;  convey  chyle  and  lymph,  ib. ;  possess  cellular  coat,  ib. ;  fibrous  coat,  72  ;  absorbents, 
122  ;  circulate  a  fluid  resembling  water,  ib. ;  resemble  lacteals  with  figure,  ib. 


M. 

Machinery,  animal,  as  to  weight  and  velocity,  like  common  machinery,  An.  Mech.,  25 
Madder,  used  as  food,  how  it  affects  the  bones,  An.  Mech.,  60 
Magnesium,  the  properties  of,  Chem.,  76  ;  oxide  of,  or  magnesia,  77 

Magnesia,  ox  oxide  of  magnesium,  Chem.,  77  ;  sulphate  of,  or  Epsom  salts,  106  ;  carbonates 
of,  114  ;  salts  of,  123 
Magnetism,  attraction  of,  Chem.,  2 
Malleable,  the  term  defined,  Chem.,  52 
Malpighi's  views  respecting  secretion,  An.  Phys.,  115 

Man,  his  temperature  uniform  in  all  climates,  An.  Phys.,  54  ,  the  lungs  of,  represented,  98 
Manganese,  described,  Chem.,  70;  protoxide  of,  ib.  /  hypo-sulphate  of,  107  ;  salts  of,  123 
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Manganeseous  acjds,  Chem.,  70 
Manganesic  acids,  Chem.,  70 

Mast  of  a  ship  compared  to  the  spine,  An.  Mech.,  9  ;  how  supported,  ib. 

Mastication,  the  organs  of,  essential  to  digestion,  An.  Phys.,  29;  figure  and  names  of  the 
teeth,  ib. ;  the  jaws,  ib. ;  the  tongue,  ib. ;  the  salivary  glands,  ib.;  a  mechanical  process, 
37  ;  effect  of  saliva  upon,  38 
Mathematics  defined,  An.  Phys.,  1 

Mechanics  may  be  carried  too  far  in  illustration,  An.  Mech.,  45 

Mechanical  organization  does  not  originate  life,  An.  Mech.,  45 

Mechanism  of  respiration,  An.  Phys.,  99 ;  of  the  spine  considered,  An.  Mech.,  8-10 

Medullary  processes,  Bot.,  14,  15 

Medullary  sheath  described,  Bot.,  16 

Medusa  pellucens,  its  brilliant  light,  An.  Phys.,  1 18 

Membrane  is  a  species  of  cellular  tissue,  An.  Phys.,  14  ;  forms  the  parenchyma,  ib. ;  serous, 
15;  mucous,  ib. ;  fibrous,  ib. 

Mercury,  or  quicksilver,  cyanuret  of,  Chem.,  44 ;  the  properties  of,  52  ;  protoxide  of,  53  ; 
peroxide  of,  ib.;  proto-chloride  of,  ib. ;  bi-chloride  of,  ib.;  proto-sulphuret  of,  ib. ;  bi- 
sulphuret  of,  54;  proto-nitrate  of,  92  ;  per-nitrate  of,  ib. ;  sub-per-nitrate  of,  how  formed, 
ib. ;  proto-sulphate  of,  103;  per-sulphate  of,  ib. ;  cyanuret  of,  118;  salts  of,  125 
Metal ,  bell,  or  alloy  of  tin  with  copper,  Chem.,  67 
Metal,  Prince  Rupert’s,  an  alloy  of  zinc,  Chem.,  69 
Metallic  lustre,  Chem.,  52 

Metallic  elements,  Chem.,  79;  binary  compounds  of,  80,  81  ;  salts  of,  metallic  acids,  115 
Metals,  the  oxides  of  which  are  reducible  by  mere  heat,  Chem.,  52  ;  particular  properties 
of,  52-58  ;  absorbing  oxygen  at  high  temperatures,  but  which  do  not  decompose  water, 
58-66  ;  those  which  absorb  and  retain  hydrogen  at  high  temperatures,  and  decompose 
water  at  a  red  heat,  66-71 ;  alkaline,  described,  71-76;  earthy,  76-78 
Metatarsus,  part  of  the  foot,  An.  Mech.,  16,  17 

Microscope,  detected  the  globular  structure  of  the  primitive  tissues  of  the  animal  body,  An. 
Phys.,  18 

Microcosm,  the,  of  human  body,  as  wonderful  as  the  planetary  system,  An.  Mech.,  30 

Milky-fluids,  Bot.,  101 

Mind,  the,  defined,  An.  Phys.,  7,  8 

Mineral  chameleon,  how  obtained,  Chem.,  70 

Miner's  safety-lamp,  how  constructed,  Chem.,  42 

Mirbcl,  the  botanist,  observations  of,  Bot.,  72 ;  his  statement  respecting  the  plant  mar- 
chantia  polymorpha,  93 
Mixture,  chemical,  how  effected,  Chem.,  3,  4 
Molecules,  component  parts  of  every  animal  solid,  An,  Phys.,  19 
Molybdenum  rarely  obtained,  Chem.,  64 
Molybdic  acid  described,  Chem.,  65 
Mo/ybdous  acid,  Chem.,  65 
Monocotyledons,  Bot.,  160 
Mono-pelalce,  Bot.,  179 

Montgomery  family,  the,  anecdote  of,  An.  Mech.,  51 
Morphology,  the  doctrine  of,  Bot.,  59 

Motion,  spontaneous,  apparent  in  some  plants,  An.  Phys.,  9  ;  originates  in  the  muscles.  An. 
Mech.,  58 

Motives  must  precede  voluntary  actions,  An.  Mech.,  57 
Mucamentosa  (plants),  Bot.,  183 
Mucilage,  An.  Phys.,  47 

Mucosa  bursa,  like  friction-wheels  in  machinery,  An.  Mech.,  28 

Muriate  of  ammonia,  how  formed,  Chem.,  50  ;  sal-ammoniac,  in  commerce,  for  what  pur¬ 
poses  used,  ib. ;  of  gold,  how  formed,  98  ;  of  tin,  100  ;  of  soda,  present  in  the  blood.  An. 
Phys.,  56  ;  of  potash  in  the  blood,  ib. 

Muriates  and  chlorides  described,  Chem.,  96 — 100  ;  how  decomposed,  97 
Muriatic  acid,  description  of,  how  obtained,  Chem.,  24;  with  nitric  acid  forms  aqua  regia , 
97  ;  is  always  present  during  chymification,  An,  Phys.,  44 
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Muscles,  the  subject  considered,  An.  Phys.,  23 ;  are  the  only  organs  which  properly  have 
the  power  of  contraction,  ib. ;  motion  originates  in  them,  ib. ;  they  are  fibrous,  24  ;  how 
many  in  the  human  frame,  ib. ;  mechanical  arrangement  of,  ib.;  million  of  fibres  to  a 
single  muscle,  ib.;  intercostal,  why  oblique,  shown  iu  figure,  An.  Mech.,  26  ;  why  penni- 
form,  27  ;  powerful  flexors,  28  ;  are  unfolded  by  exercise,  ib. ;  of  respiratory  organs,  An. 
Phys.,  95 ;  vocal,  111 ;  those  which  relate  to  the  eye,  An.  Mech.,  52  ;  those  which  elevate 
the  ribs  during  inspiration,  An.  Phys.,  95 

Muscular  tissue  described.  An.  Phys.,  15 ;  the  elementary  structure  consists  of  globules,  18 ; 

is  the  seat  of  a  power  properly  vital,  21 
Muscular  system,  the,  unfolded  by  exercise,  An.  Mech.,  28 
Muscularity  and  elasticity  considered,  An.  Mech.,  23 
Musk  is  a  secretion,  An.  Phys.,  119 


N. 


Nature,  or  natural  objects,  divided  into  inorganic  and  organic,  An.  Phys.,  1 
Natural  orders  of  plants,  Bot.,  161 — 192;  system  of  botany  not  abstruse,  193 
Necrosis,  or  the  death  of  the  bone,  An.  Mech.,  61 ;  the  bone,  how  renewed,  ib. 

Nerves,  a  network  of,  represented,  An.  Phys.,  117 ;  are  necessary  to  the  process  of  secretion, 
121;  give  the  power  of  volition  over  the  muscles  of  the  body,  An.  Mech.,  58;  when 
paralysed,  the  consequence,  47 

Nerve  defined,  An.  Phys.,  16;  cellular  covering  of,  called  neurilema,  ib. 

Nervous  tissue  described.  An.  Phys.,  16 ;  its  globular  structure,  19 

Nervous  system,  appetites  are  brought  about  by  its  intervention,  An.  Phys.,  51 ;  stimulated 
by  the  blood,  ib. 

Netted  leaves,  Bot.,  24 

Neurilema,  An.  Phys.,  16 

Neutralization,  chemical,  described,  Chem.,  7 

Nickel,  its  properties  and  uses,  Chem.,  b7 ;  is  magnetic,  ib.,  oxide  of,  58  ;  salts  of,  123 
Nitrate  of  ammonia,  how  compounded,  Chem,,  23  ;  when  decompounded  by  heat  yields 
protoxide  of  nitrogen,  50;  of  potash,  90;  of  soda,  91,  of  lime,  ib. ;  of  barytes,  ib. ;  of 
ammonia,  ib. ;  of  copper,  ib. ;  of  silver,  92 ;  of  lead,  ib. 

Nitrates  described,  Chem.,  90 — 93 ;  are  all  soluble  in  water,  90 

Nitre,  or  nitrate  of  potash,  how  formed,  Chem.,  90 ;  is  found  ready  formed  in  nature,  91 
Nitric  acid,  Chem.,  20 

Nitrogen,  ox  azote,  defined  and  described,  Chem.,  17  ;  its  five  distinct  compounds  defined, 
18 — 21;  protoxide  of,  18;  deutoxide  of,  19;  chloride  of,  how  obtained,  26;  iodide  of, 
described,  30;  its  presence  in  plants,  Bot.,  81 
Nitrogen  gas  unfit  for  animal  life,  Chem.,  17 
Nitrous  acid  described,  Chem.,  20 
Nodes  in  the  stem,  Bot.,  9 ;  not  in  the  roots,  10 

Nomenclature,  chemical,  various  terms  in,  Chem.,  18;  the  chemical  termination  uret  ex¬ 
plained,  37 ;  the  terms  by  which  salts  are  distinguished,  92 
Non-mcta/lic  volatile  elements  described,  Chem.,  26 — 37  ;  fixed  elements,  37 — 47 ;  a  table 
given,  47 ;  a  table  of  their  binary  compounds,  48 
Nutrition,  the  functions  of,  enumerated,  An.  Phys.,  23 ;  in  simplest  plants,  considered,  24  ; 
the  root  not  always  an  instrument  of,  25 


0. 


Occipital  bone,  figure,  An.  Mech.,  4 

Odours,  observations  on,  Bot.,  125  ;  effects  of,  127 

(Esophagus,  its  derivation,  An.  Mech.,  53 

Oil  convertible  almost  wholly  into  nutrient  matter,  An.  Phys.,  47  ;  of  vitriol,  or  hydro-sul¬ 
phuric  acid,  how  obtained,  Chem.,  31 
Orders  of  plants  treated  of,  Bot.,  145 
Organ,  how  composed  in  animal  solids,  An.  Phys.,  13 
Organic  bodies,  An.  Phys.,  1 
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Organization  defined,  An.  Phys.,  1  ;  most  simple  form  of,  exhibited  in  figure,  7  ;  the  various 
characters  of,  explained,  6,  7 

Organs  entire,  in  the  lower  animals,  regenerated,  An.  Phys.,  7  ;  are  infinitely  various,  23  ; 
their  functions,  ib.  ;  of  inspiration,  95  ;  expiratory,  ib.  ;  how  far  they  possess  the  power 
of  motion,  An.  Mcch.,  47 

Organs  of  vegetation  described,  Bot.,  2, 3  ;  of  fructification,  3 ;  of  respiration,  7  ;  elementary, 
65  ;  representations  of,  72,  73 

Orpiment  is  a  combination  of  arsenic  and  sulphur,  Chem.,  66;  used  in  calico-printing,  ib. 

Osmium  described,  Chem.,  b7 ;  is  combined  with  iridium,  ib.  its  derivation,  ib.  and  note ; 
oxide  of,  ib. 

Ossa  parietalia  defined.  An.  Mech.,  5,  and  note ;  an  illustration  taken  from  the  walls  of  a 
house,  ib. 

Osteology,  how  derived,  An.  Mech.,  13,  note 

Ovules  described,  Bot.,  46  ;  modification  of  a  leaf-bud,  60 

Oxide  defined,  Chem.,  17;  of  selenium,  37 ;  carbonic,  38;  of  silicon  or  silex,  how  com¬ 
bined,  46;  of  silver,  54;  of  osmium,  57 ;  of  nickel,  58;  of  bismuth,  61 ;  of  columbium, 
63  ;  of  zinc,  69  ;  of  cadmium,  ib. ;  of  lithium,  74  ;  of  magnesium,  77 ,  of  glucinum,  ib.; 
of  yttrium,  ib. ;  of  aluminum,  78  ;  of  zirconium,  ib. 

Oxydation  in  the  foetus,  An.  Phys.,  113 

Oxygen,  derived  from  the  Greek,  Chem.,  10,  note  ;  how  collected,  10 — 13;  is  electro-nega¬ 
tive,  13;  how  combined  with  hydrogen  to  form  water,  14 

Oxygen  must  be  mixed  with  azote  for  respiration,  .4;;.  Phys.,  103  ;  how  much  necessary  for 
human  life,  104;  converts  venous  into  arterial  blood,  107;  combined  with  carbon,  gives 
heat,  1 1 0 

Oxygenized  water,  its  proportions,  Chem.,  17 


P. 

Pain  is  the  safeguard  of  the  body,  An.  Mech.,  51 
Paley  (Dr.)  his  remark  on  the  joints.  An.  Mcch.,  17 

Palladium,  its  properties,  where  found,  Chem.,  56,  57  ;  oxide  of,  57;  sulphuret  of,  ib. 

Pancreas  described,  An.  Phys.,  34 

Parallel-veined  leaves,  Bot.,  24 

Parietal  bones,  the,  figure  of,  An.  Mech.,  4 

ParietoscB  (plants),  Bot.,  165 

Purkinje,  his  remaik,  Bot.,  66 

Parliament,  act  of,  respecting  standard  measure,  Chem.,  15 

Pearl-ash,  pure,  how  obtained,  Chem.,  72 

Peltate  leaf,  Bot.,  28 

Penniform  muscle,  An,  Mech.,  27 

Perceval  (Dr.),  a  quotation  from,  An.  Phys.,  8 

Per-chloratcs  described,  Chem.,  95  ;  of  potash,  ib. 

Per-chloric  acid,  Chem.,  26 

Per-chloride  of  phosphorus  described,  Chem  ,  36  ;  of  carbon,  43,  44  ;  of  copper,  60 ;  of  tin, 
67  ;  of  iron,  68 

Per-ferro-cyanate  of  iron,  Chem.,  120 

Pericardium.,  the,  a  membranous  capsule,  An.  Phys.,  68  ;  represented  by  figure,  69 
Pericarp,  its  appearances  at  fruiting,  Bot.,  113 
Peric/inium,  Bot.,  33 
Periphoranthium,  Bot.,  33 

Permuriate  of  platinum,  Chem.,  98;  of  copper,  99 
Pernitrate  of  mercury,  Chem.,  92 

Per-oxide  defined,  Chem.,  17 ;  of  chlorine,  25  ;  of  mercury,  53  ;  of  lead,  59  ;  of  copper,  6  ; 
of  tin,  66;  of  iron,  67;  of  manganese,  70;  of  sodium,  73;  of  barium,  75;  of  iron  is 
found  in  the  blood.  An.  Phys.,  55 
Per-phosphurettcd  hydrogen,  how  obtained,  Chem.,  35 
Per-salts  of  tin,  Chem.,  124 
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Perspiration,  when  secreted,  An.  Phys.,  11 

Persulphate  of  mercury,  Chem.,  103;  of  copper,  ib. ;  of  iron,  104 

Per-su/phuret  of  gold,  Chem.,  55 

Petal,  a  modification  of  a  sepal,  Bot.,  60 

Phalanges,  or  bones  of  the  toes,  why  so  called,  An,  Mech.,  17 

Pharynx,  why  so  called,  An.  Phys.,  31 

Phenomena  considered,  those  which  attend  the  presence  of  different  bases  with  an  acid, 
Chem.,  89  ;  of  double-elective  affinity,  ib. ;  of  flame,  on  what  dependent,  42;  those  which 
constitute  life,  An.  Phys.,  22  ;  of  life,  An.  Mech.,  47  ;  of  galvanism,  49 
Philips’  treatise,  An.  Phys.,  Ill,  note 

Philosophy,  natural,  its  particular  study,  Chem.,  2 ;  awakens  attention  to  common  things,  An. 
Mech.,  34 

Phosphates  considered,  Chem.,  110,  111  ;  of  soda,  111;  of  lead,  ib. ;  of  lime,  ib. 

Phosphate  of  lime  is  present  in  the  serum,  An.  Phys.,  56 
Phosphites ,  Chem.,  Ill,  112 
Phosphoric  acid,  how  obtained,  Chem.,  34 
Phosphorous  acid,  process  of  obtaining,  Chem.,  34 

Phosphorus,  by  what  process  obtained,  Chem.,  33 ;  proto-chloride  of,  36  ;  per-chloride  of,  ib. ; 
iodide  of,  ib. 

Phosphorus  is  found  in  the  animal  body.  An.  Phys.,  10;  is  present  in  plants,  Bot.,  82 

Phosphuret  of  sulphur  described,  Chem.,  36 

Phragmata,  a  technical  name,  Bot.,  44 

Physical  properties  of  the  blood,  An.  Phys.,  52 

Physical  agents,  An.  Phys.,  2 

Physiological  botany  defined,  Bot.,  1 ;  treated  of,  65 — 125;  opinions  various  respecting  its 
phenomena,  74 

Physiology,  animal,  defined,  An.  Phys.,  1  ;  treats  of  the  functions  of  different  organs,  23  ; 

treats  of  the  principles  of  life,  33  ;  recapitulation,  and  the  study  recommended,  128 
Physiology  of  man  comprehends  both  mind  and  body,  An.  Phys.,  128  ;  M.  Richerand’s  work 
quoted  and  refuted,  Jin.  Mech.,  49,  50 
Pinchbeck,  an  alloy  of  zinc,  Chem.,  69 
Pine-tree,  leaf  of  the,  Bot.,  30 

Pipes ,  conduit,  how  far  similar  to  blood-vessels,  An.  Mech,,  35  ;  of  a  conical  form  most 
favourable  to  the  flow  of  water  from  a  reservoir,  41 
Pistil,  described,  Bot.,  42 
Pitcairn  on  digestion,  An.  Phys.,  43 
Pith,  a  spongy  column,  Bot.,  14 

Placenta  of  the  human  f®tus  is  the  foetal  substitute  for  respiration,  An.  Phys.,  112 
Plant,  skin  of,  considered,  Bot.,  5 — 9 

Plants,  flowerless,.  Bot.,  58,  59;  considered  generally,  73 — '80  ;  their  extensibility,  74, 
elasticity,  ib.  ;  their  hygrometrical  properties,  75  ;  their  irritability,  77 — 79  ;  their  external 
agents,  79  ;  their  secretions.  84 — 87 ;  their  digestion  caused  by  carbon,  85  ;  their  food, 
80 — 84  ;  their  respiration,  87 ;  in  what  sense  like  polypes,  90  ;  their  growth,  93 — 96 ; 
grow  chiefly  by  day,  98  ;  flowerless,  how  reproduced,  117,  118  ;  identical,  what  so  called, 
130;  natural  orders  of,  161 — 192;  their  essential  and  natural  characters,  219 — 222;  ex¬ 
ample  given  from  De  Candolle,  222 
Plate-glass,  how  composed,  Chem.,  46 

Platinum,  its  nature  and  uses,  Chem.,  56  ;  possesses  the  property  of  welding,  ib.  ;  is  em¬ 
ployed  in  Russia  for  coin,  ib. ;  its  oxides  uncertain,  ib. ;  sulphuret  of,  ib.;  chlorides  of, 
56  and  98;  salts  of,  125 

Plumbago,  described,  Chem.,  69 ;  used  for  pencils,  ib. 

Plumules  become  leaf-buds,  Bot.,  19 
Polar  regions,  why  no  trees  there,  Bot.,  98 

Pollen,  Bot.,  41 ;  tubes,  42  ;  it  fertilizes  seeds,  103  ;  pollen-masses,  111;  affinities  rarely 
traced  by  means  of  pollen,  154 
Polycarposce,  Bot.,  178 

Polypes,  their  lowest  order  called  Bursariae.  An.  Phys.,  26 

Pomurn  adami,  or  thyroid  cartilage,  An.  Mech.,  52  ;  why  scutifoiffl,  ib. 
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Potash,  or  protoxide  of  potassium,  how  formed,  Chcm.,  71 ;  nitrate  of,  90  ;  chlorate  of,  94: 
per-chlorate  of,  95  ;  bromate  of,  100;  hydro-bromate  of,  ib. ;  iodate  of,  101  ;  hydriodate 
of,  ib. ;  sulphite  of,  102;  sulphate  of,  104;  bi-sulphate  of,  105;  hypo-sulphite,  107 ; 
hydro-sulphuret  of,  108;  bi-hydro-sulphuret  of,  109;  sulphuretted  hydro-sulphuret  of, 
110;  carbonate  of,  112;  bi-carbonate  of,  113;  sesqui-carbonate  of,  ib. ;  chromate  of, 
116;  bi-chromate  of,  ib. ;  hydro-fluates  of,  117;  hydro-cyanates  of,  118;  ferro-cyanate, 
119  ;  sulpho-cyanate  of,  120  ;  salts  of,  121 ;  is  present  in  plants,  Bot.,  82 
Potassium.,  how  obtained,  Chem.,  71  ;  protoxide  of,  or  potash,  ib. ;  peroxide  of,  72  ;  alloys 
of,  ib. ;  chloride  of,  ib. ;  bromide  of,  100;  sulphuret  of,  108;  cyanuret  of,  118;  ferro- 
cyanuret  of,  119  ;  sulpho-cyanuret  of,  120 

Powder,  fulminating1,  how  formed,  Chem.,  90 ;  gunpowder,  ib. ;  bleaching,  or  chloride  of 
lime,  95 

Power  in  animals  and  vegetables  of  resisting  temperature.  An.  Phys.,  3  ;  nervous,  22  ;  sen-  ' 
sorial,  ib. 

Powers,  the,  by  which  the  blood  circulates,  An.  Phys,,  78 
Prcefoliation ,  a  term  used  in  gardening,  Bot.,  20 
Precipitation,  chemical,  defined,  Chem.,  4 

Prevost  and  Dumas  (MM.),  their  observations  on  the  blood,  An,  Phys.,  55 
Pricktes,  aculei,  Bot.,  9 

Priestley,  experiment  by,  on  the  atmosphere,  An.  Phys.,  107 
Primary  compounds,  An.  Phys.,  46 

Prince  Rupert’s  metal,  an  alloy  of  zinc  with  copper,  Chem.,  69 
Principle  of  life  not  of  a  galvanic  nature.  An.  Mech .,  49 

Principles,  neuter  iu  vegetation,  Bot.,  102,  103  ;  tanning,  103  ;  colouring,  ib. ;  ultimate  of 
vegetables.  An.  Phys.,  10;  proximate  of  animals,  11 
Process  of  renovating  a  broken  bone,  An.  Phys.,  1 14 

Processes,  articulating,  what  and  how  situated,  An.  Phys.,  94  ;  spinous,  ib. ;  transverse,  ib. 
Properties  of  the  primitive  tissues  considered,  An.  Phys,,  20  ;  of  the  cellular  tissue,  ib. ; 
physical, of  the  blood,  52  ;  chemical,  of  the  blood,  54  ;  vital,  56  ;  of  life  in  the  body,  differ 
in  their  quality,  An.  Mech.,  45  ;  living  and  mechanical,  shown  to  be  correspondent  to  each 
other,  48 

Proportion,  numerical  (in  botany),  one  of  the  particulars  by  which  species  are  distinguished, 
Bot.,  134 

Proto-chloride,  derived  from  the  Greek,  Chem.,  26  ;  of  phosphorus,  36  ;  of  mercury,  53  ;  of 
copper,  60  ;  of  antimony,  63  ;  of  tin,  66  ;  of  iron,  68 
Proto-nitrate  of  mercury,  Chem.,  22 

Proto-phosphuretted  hydrogen,  how  collected,  Chem.,  35,  and  note 
Proto-salts  of  tin,  Chem,,  124 

Proto-sulphate  of  mercury,  Chem.,  103;  of  iron,  104 
Proto-su/phuret  of  mercury  described,  Chem.,  53 ;  of  tin,  67  ;  of  iron,  68 
Protoxide,  defined,  Chem.,  17;  of  nitrogen,  how  best  obtained,  18;  of  mercury,  53;  of 
lead,  58  ;  of  copper,  60;  of  antimony,  62  ;  of  tungsten,  64  ;  of  chromium,  ib. ;  of  tin, 
66  ;  of  iron,  67  ;  of  manganese,  70  ;  of  potassium,  71;  of  sodium,  73  ;  of  calcium,  or  lime, 
74;  of  barium,  or  baryta,  75  ;  of  strontium  or  strontia,  76 
Providence,  as  evident  in  the  minutest  as  in  the  grandest  phenomena,  An.  Mech.,  63 
Proximate  principles  of  animals,  An.  Phys.,  11 ;  principles,  or  primary  compounds,  what  so 
called,  46 

Prunella,  sal,  of  what  composed,  Chem.,  90 
Prussic  acid,  Chem.,  83,  84 

Pulmonary  artery,  the,  An.  Phys.,  65  ;  system,  its  anatomy,  93 

Pulse ,  the,  varies  according  to  the  period  of  life,  An.  Phys.,  85  ;  is  arterial,  not  venous,  ib. 
Puncheons  used  in  the  carpentry  of  roofs.  An.  Mech.,  6 
Purple  of  cassius,  Chem.,  98  ;  is  used  in  enamel-painting,  ib. 

Pylorus,  the,  An.  Phys.,  32  ;  pyloric  end  of  stomach,  40 
Pyrites,  iron,  is  a  natural  product,  Chem.,  68 
Pyrophorus,  Ilomberg’s,  produced  from  alum,  Chem.,  106 
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Quadrupeds,  graminivorous,  An.  Phys.,  20;  carnivorous,  ib. ;  herbivorous,  35 ;  figure  of 
their  digestive  apparatus,  36 

Qualities  of  a  horse,  how  discovered,  An.  Meek.,  27  ;  horses,  how  trained  in  the  army,  29 

Quantity  of  circulating  blood  in  man,  An.  Phys, ,7  b 

Quantity,  its  influence  in  chemical  composition,  Chem.,  8 

Quicksilver,  or  mercury,  its  properties,  Chem.,  52 

Quinine,  an  alkali  in  vegetation,  Bot.,  102 

R. 

Radiated  leaves,  Bot.,  24 

Radicle  of  the  seed,  An.  Phys.,  8 

Raphe,  its  effect  on  the  kernel  of  the  seed,  Bot.,  53 

Raphides,  Bot.,  98 

Ray,  his  “  Historia  Plantarum ”  quoted,  Bot.,  147  ;  on  the  wisdom  of  God  iu  creation,  An. 
Mech.,  30 

Realgar,  a  combination  of  arsenic  and  sulphur,  Chem.,  66 

Reasoning  from  a  bone  to  the  whole  frame,  An.  Mech.,  16 

Receptaculum  chyli  represented,  An.  Phys.,  124 

Recrementitious  substances.  An.  Phys.,  127 

Rectembryosce  (plants),  Bot.,  174 

Redout e,  the  flower-painter,  Bot.,  123 

Register,  botanical,  Bot.,  47 

Relation,  its  function  enumerated,  An.  Phys.,  23 

Reproduction,  animal,  its  function  described,  An.  Phys.,  23;  a  principle  of  motion,  Chem.,  1 
Repulsion,  chemical,  its  nature,  2 ;  at  sensible  distances,  exemplified,  ib.;  at  insensible,  ib. 
Reservoirs,  figures  of,  An.  Mech.,  35 — 38,  39,  40,  and  42 
Resinous  principles  of  vegetation,  Bot.,  1 03 
Resins,  Bot.,  101 

Respiration  and  evaporation  of  a  leaf,  Bot.,  31 ;  of  plants,  considered,  87 — 90 
Respiration,  its  influence  on  the  blood’s  circulation  inquired  into,  upon  hydraulic  prin¬ 
ciples,  An.  Mech.,  43  ;  the,  considered,  An.  Phys.,  87 ;  necessary  to  purify  the  blood,  ib.  ; 
converts  chyle  into  vital  fluid,  ib.  ;  by  the  pores  of  the  skin,  88;  by  means  of  air-tubes 
or  trachse,  ib. ;  is  twofold  in  amphibious  animals,  90  ;  of  birds,  92 ;  how  effected  in 
frogs,  99  ;  in  the  trout,  ib. ;  in  birds,  ib. ;  in  man,  ib. ;  its  effects,  102  ;  its  effects  on 
the  chemistry  of  the  air  inspired,  403;  its  effects  on  the  bulk  of  the  inspired  air,  106  ; 
its  effects  on  the  properties  of  the  blood,  ib.  ;  is  a  calorific  process,  111 ;  its  subordinate 
effects  considered,  ib. 

Reticulated  leaves,  Bot.,  24 
Retosoe  (plants)  Bot.,  189 

Rhabarbarine ,  an  alkali  in  vegetables,  Bot.,  102 
Rheadine,  in  vegetables,  Bot.,  103 
Rheic,  an  acid  in  vegetables,  Bot.,  102 
Rhizanths,  Bot.,  161 

Rhodium  described,  Chem.,  57  ;  oxide  of,  ib. 

Ribbed  leaves,  Bot.,  24 

Ribs,  the,  described,  An.  Phys.,  94 ;  true,  false,  ib. ;  their  two  motions,  95  ;  are  protected 
by  a  cartilage.  An.  Mech.,  11 

Richerand,  M.,  his  remark  quoted  and  refuted,  An.  Mech.,  49 
Ritna  glottidis,  An.  Mech.,  53 

Root,  the,  in  some  plants  performs  the  office  of  the  trunk,  and  vice  versA,  An.  Phys.,  26 
Roots,  with  their  modifications,  considered,  Bot.,  10 — 12;  their  power  and  action  most  im¬ 
portant,  83  ;  enable  plants  to  feed,  84  ;  give  off  secretions,  104 
Ruminated  albumen,  Bot.,  54 

Ruysch,  his  views  respecting  secretion,  An.  Phys.,  115 
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S. 

Sacrum ,  the  centre  bone  of  the  pelvis,  how  connected  with  the  spine,  An.  Mech.,  10 
Safety-lamp,  miner's,  upon  what  principle  constructed,  Chem.,  42 

Sail,  stay,  the,  when  distended,  illustrates  the  action  of  the  valves,  An.  Mech.,  3G  •  its 

ib. ;  its  leeches,  &c.,  id.  ’  anKS’ 

Sal-ammoniac,  Chem.,  50 ;  prunella,  what  so  called,  90 

Salamanders,  Spallanzani’s  experiments  upon  them,  An.  Phys.,  82;  and  their  lungs,  91 
Salifable  base,  what  so  called,  Chem.,  49 

Saline  matter  in  the  serum  of  the  blood,  of  what  use,  An.  Phys.,  56 
Saliva,  its  effect  in  macerating  the  aliment,  An.  Phys.,  38 
Salivary  glands,  An.  Phys.,  31 ;  their  figure,  ib. 

Salt,  common,  or  chloride  of  sodium,  described,  Chem.,  73 

Salts,  formed  by  the  union  of  acids  with  bases,  Chem.,  48  ;  how  distinguished  in  chemical 
nomenclature,  ib. ;  of  ammonia,  how  distinguished  as  a  class,  49;  their  physical  pro 
perties,  88;  their  chemical,  ib. ;  when  said  to  decrepitate,  ib.;  when  to  effloresce  ib  ■ 
when  to  deliquesce,  ib.;  their  igneous  fusion,  ib.,-  their  aqueous,  ib. ;  are  numberless 
89  ;  double,  98  ;  of  metallic  acids,  115;  general  characters  of,  derived  from  their  bases’ 
120—126  ;  of  potash,  121  ;  of  soda,  ib.;  of  lithia,  122;  of  strontia,  ib.;  of  baryta  ib  • 
of  lime,  ib.;  of  magnesia,  ib. ;  of  alumine,  ib. ;  of  chrome,  123;  of  manganese  ib  ■  of 
zinc,  ib, ;  of  iron,  ib. ;  of  cobalt,  ib. ;  of  nickel,  ib. ;  of  tin,  124;  proto-salts  of ’tin  Vi  •  • 
per-salts  of  tin,  ib.  ;  salts  of  cadmium,  ib.  ;  of  antimony,  ib. ;  of  bismuth,  ib. ;  of  lead’  ib  ’ 
of  copper,  125  ;  of  mercury,  ib. ;  of  silver,  ib. ;  of  platinum,  ib. ;  of  gold,  ib.  ’  '  ’ 

Salts,  Epsom,  or  sulphate  of  magnesia,  Chem.,  106 
Sanguinarine ,  an  alkali  in  vegetation,  Bot.,  102 
Santaline,  a  colouring  principle  in  vegetation,  Bot.,  103 

Sap,  described,  Bot.,  4  ;  crude,  how  digested,  84;  Hale’s  experiment  on,  90,  91 ;  its  routes 
in  exogens,  91 

Saussure,  Theodore  de,  his  experiments  on  the  respiration  of  plants,  Bot.,  88 

Scarfing,  a  technical  term,  An.  Mech.,  5 

Scillitinc,  a  resinous  principle  in  vegetation,  Bot.,  103 

Screw-pines,  what  so  called,  Bot.,  22 

Scurf,  or  scales,  Bot.,  9 

Secreted  substances,  An.  Phys.,  118 

Secretion  considered,  An.  Phys.,  113;  organs  of,  ib. ;  theory  of,  119 ;  vegetable,  Bot.,  98  ; 
nutritious,  99;  special,  101  ;  local,  102 

Seeds,  their  vitality,  Bot.,  4  ;  treated  of,  52—55  ;  will  germinate  after  many  years’  proofs, 
115  ;  experiments  on  the  gourd,  117 
Selenic  acid,  described,  Chem.,  37  ;  is  fopnd  in  vegetation,  Bot.,  102 
Selenium,  described,  Chem.,  37  ;  discovered  at  Fahlun  in  Sweden,  ib. 

Sensibility,  or  sensations  of  the  body,  treated  of,  An.  Mech.,  50—59  ;  of  the  larynx,  52 

Sensoi'ial  power,  An.  Phys.,  22;  is  subordinate  to  enjoyment,  23 

Serosity  of  the  blood,  An.  Phys.,  56 

Serpent’s  lungs,  An.  Phys.,  91 

Serum  of  the  blood  treated  of,  An.  Phys.,  55,  56 

Sesqui,  its  derivation  given,  Chem.,  52,  note 

Sesqui-carbonate  of  ammonia,  Chem.,  51 ;  of  potash,  113  ;  of  soda,  ib. 

Sexes  in  plants,  discovered  by  Linnseus,  Bot.,  198 

Silex,  combined  with  the  fixed  alkalies,  forms  the  basis  of  glass,  Chem.,  46  ;  is  present  in 
plants,  Bot.,  8 1 

Silicon,  with  difficulty  obtained,  Chem.,  46  ;  oxide  of,  ib. 

Silver,  its  nature  and  uses,  Chem.,  54;  sulphuret  of,  ib. ;  oxide  of,  ib.  ;  chloride  of,  ib.  ; 
amalgam  of,  55;  nitrate  of,  92,  93;  sulphate  of,  103;  hypo-sulphite  of,  107  ;  salts  of, 
125 

Skeleton,  human,  the  trunk  of,  represented,  An.  Phys.,  93 

Shin  of  a  plant,  with  its  parts,  considered,  Bot.,  5 — 9 

Skin,  the,  is  well  adapted  to  its  proper  functions,  An.  Mech.,  50 
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Skit//,  the,  consists  of  two  plates  of  bone,  An  Mech.,  3  ;  its  arch  described,  6 ;  the  calvaria, 
ib. 

Slaking,  alluded  to,  Chem.,  74 
Smalts  described,  Chem.,  62 
Sneezing,  observation  on,  An.  Mech.,  53 

Socrates  to  Aristodemus,  An.  Mech.,  56;  his  reply  to  his  scholar,  63 

Soda,  or  protoxide  of  sodium,  Chem.,  63  ;  nitrate  of,  91 ;  chlorate  of,  94  ;  sulphate  of,  105  ; 
carbonate  of,  113  ;  bi-carbonate  of,  ib. ;  sesqui-carbonate  of,  ib. ;  hydro-fluates  of,  117  ; 
salts  of,  121  ;  is  very  abundant  in  plants,  Bot.,  82 
Sodium  described,  Chem.,  72,  73 ;  protoxide  of,  or  soda,  73 ;  chloride  of,  or  common  salt, 
ib. 

Soils,  how  composed,  An.  Phys.,  45  ;  what  effect  their  mineral  substances  have,  46 

So/anine,  an  alkali  in  vegetation,  Bot.  102 

Soldier,  the,  standing  at  ease,  an  illustration,  An.  Mech.,  19 

Solids,  animal,  treated  of,  An.  Phys.,  13, 14 ;  are  formed  by  secretions,  13  ;  their  elementary 
structure,  17  ;  the  supply  necessary  to  repair  waste  of  system,  ib. 

Solution,  chemical,  defined,  Chem.,  4 
Spadicosee  (plants),  Bot.,  189 

Spallanzani,  his  experiments  on  the  gastric  juice,  An.  Phys.,  44  ;  further  experiments,  80; 

on  salamanders,  82;  on  eggs  during  incubation,  112 
Spathe,  Bot.,  33 

Species,  treated  of,  Bot.,  130— 139 ;  its  distinguishing  particulars  clearly  characterized, 
136  ;  mule-plants,  137 
Species-mongers  reproved,  Bot.,  135 
Specific  gravity  of  the  blood  considered,  An.  Phys.,  53 
Speiss,  a  compound  of  nickel  and  arsenic,  Chem.,  57 

Spelter,  or  zinc,  described,  Chem.,  69 ;  contains  admixture  of  lead  and  sulphur,  ib. 

Sphenoid  bone,  figure  of,  An.  Mech.,  4. 

Sphenoid,  the  term  explained,  An.  Mech.,  7,  note 
Sphincter  pylori,  An.  Phys.,  33 

Spinal  column,  its  mechanism  described,  An.  Mech.,  8 

Spinal  marrow,  the,  how  protected,  An.  Mech.,  8  ;  its  canal  described.  An.  Phys.,  94 
Spine,  its  mechanism,  An.  Mech.,  8  ;  its  vertebra;,  ib.  ;  its  pliancy,  how  effected,  ib.  ;  why 
it  has  twenty-four  bones,  ib. ;  why  a  gristly  substance  at  each  interstice,  9 ;  rigid  in  old 
age,  ib. ;  its  attachment  to  the  pelvis,  ib. ;  its  ligaments  like  shrouds,  10;  its  figure, 
given,  ib.;  and  An.  Phys.,  94 
Spine,  or  ridge  in  the  bones,  represented,  An.  Mech.,  13 
Spines  in  plants,  Bot.,  13;  their  analogy  explained,  19 
Spiral  vessel,  the,  described,  Bot.,  69 

Spleen,  the,  with  all  its  blood-vessels,  represented,  An.  Phys.,  117 

Splenic  artery,  the,  represented.  An.  Phys.,  117 

Spongio/es,  or  spongelets,  in  roots  most  important,  Bot.,  83 

Spores,  act  like  seeds  in  flowerless  plants,  Bot.,  118;  are  very  minute,  119 

Squamous  suture,  An.  Mech.,  50,  and  note 

Stalk,  the,  arid  blade  are  one  and  the  same  organ,  Bot.,  22 

Stamens,  Bot.,  38 

Standing,  the  power  of,  how  effected,  An.  Mech.,  16 
“  Stand  at  ease,”  its  full  import  explained,  An.  Mech.,  19 

Starch,  or  foecula,  its  properties  and  uses,  Bot.,  99 ;  its  presence  in  potatoes,  ib. ;  it  contains 
carbon,  86 

Steam,  an  aeriform  fluid,  Chem.,  15;  its  principal  properties  exhibited,  16 
Stearoptme  in  volatile  oils,  Bot.,  102 

Steel,  how  combined,  Chem.,  68  ;  the  process  of  tempering,  ib. ;  how  distinguished  from 
pure  iron,  69 

Stem,  the,  of  rhizophora  mangle,  An.  Phys.,  27 ;  of  ficus  medica,  ib. ;  with  its  external 
modification,  Bot.,  13,  14  ;  with  its  internal,  14 — 19  ;  how  clothed,  21 
Sternum,  or  breast-bone,  represented,  An.  Phys.,  93 
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Stigma,  Bot.,  45  ;  seeds  fertilized  by  it,  108 
Stings,  their  office,  Bot.,  8 

Stipules,  described,  Bot.,  31,  32;  membranous  appendages,  151 

Stomach,  the,  represented,  An.  Phys.,  32  ;  cardiac  orifice,  ib. ;  its  pyloric,  ib. ;  its  peritoneal 
coat,  ib. ;  its  muscular,  ib .;  sphincter,  ib. ;  its  mucous  coat,  33  ;  the  centre  of  sympathies, 
ib.;  food,  how  arranged  in  it,  39  ;  in  digestion  it  displays  sensibility,  An.  Mech.,  54  ;  is 
peculiar  in  camels,  ib. 

Stomates  are  organs  of  respiration,  Bot.,  7  ;  also  of  evaporation,  89 

Straight-veined  leaves,  Bot.,  24 

Striking  from  eyes,  the  process  of,  Bot.,  20 

Strontium,  how  obtained,  Chem.,  76  ;  why  so  called,  ib. ;  protoxide  of,  or  strontia,  ib 
Structural  botany  defined,  Bot.,  1  ;  treated  of,  1 — 04 

Structure,  external,  of  a  plant,  represented,  Bot.,  2 — 4  ;  parenchymatous  of  leaves,  30  ;  theo¬ 
retical,  of  flowers,  59  ;  the  principles  of  floral,  62;  elementary,  of  the  animal  solids,  An. 
Phys.,  17  ;  of  the  primitive  tissues  of  animal  body  is  globular,  18  ;  the  principles  of  floral, 
62  ;  of  the  camel’s  foot,  An.  Mech.,  54 
Study,  the,  of  animal  physiology  recommended,  An.  Phys.,  128 
Sub-carbonate  of  soda  present  in  the  serum  of  the  blood,  An.  Phys.,  56 
Sub-carburctted  hydrogen,  how  obtained,  Chem.,  40 
Sub-chloride  of  carbon  described,  Chem.,  44 

Sublimate,  corrosive,  its  component  parts,  Chem.,  6  ;  termed  also  bi-chloride  of  mercury,  53 
Sub-nitrate  of  copper,  how  formed,  Chem.,  92 
Substances  secreted,  An.  Phys.,  118;  absorbed,  127 

Sugar,  a  nutrient  principle  of  vegetation,  Bot.,  100  ;  highly  nutritive,  An.  Phys.,  47 
Sugar-of-lead,  its  component  parts,  Chem.,  7 

Sulphates,  Chem.,  102 ;  of  lime  present  in  plants,  Bot.,  82 ;  of  potash  is  present  in  the 
serum,  An.  Phys.,  56 

Sulphate  of  ammonia,  how  formed,  Chem.,  50  ;  is  used  for  making  sal  ammoniac,  51  ;  of 
silver,  103  ;  of  potash,  104;  of  soda,  105  ;  of  lime,  ib. ;  of  baryta,  ib.;  of  magnesia,  106; 
of  alumine,  ib. 

Sulphites,  described,  Chem.,  102 — 110 

Sulphite  of  ammonia,  how  formed,  Chem.,  50  ;  it  crystallizes  in  prisms,  ib. ;  of  lime,  102; 
of  potash,  ib. ; 

Su/pho-eyanates,  Chem.,  120  ;  of  potash,  ib. 

Su/pho-cyanic  acid,  Chem.,  85 
Sulpho-cyanuret  of  potassium,  Chem.,  120 

Sulphur,  a  mineral  substance  described,  Chem.,  30  ;  chloride  of,  33  ;  iodide  of,  ib. ;  phos- 
phuret  of,  36  ;  its  presence  in  plants,  Bot.,  82  ;  also  in  the  animal  body,  An.  Phys.,  10} 
also  in  the  serum,  56 

Sulphuret  of  carbon,  a  fluid,  described,  Chem.,  45  ;  of  silver,  54;  of  platinum,  56  ;  of  palla¬ 
dium,  57  ;  of  lead,  59  ;  of  antimony,  63  ;  of  tin,  67 
Su/phurets,  soluble  in  water,  Chem.,  108 
Sulphuretted  hydrogen,  how  produced,  Chem.,  32 
Sulphuretted  hydro-sulphurets,  Chem.,  110 
Sulphuric  acid,  how  procured  for  commerce,  Chem.,  31 
Sulphurous  acid,  described,  Chem.,  30,  31 
Sunflower,  Bot.,  86 

Sun-light,  its  effects  on  plants,  Bot.,  85 

Surface,  in  botany,  one  of  the  particulars  by  which  species  are  distinguished,  Bot.,  133 

Sutures,  why  so  called,  An.  Mech.,  4 

Sympathetic  ink,  what  so  called,  Chem.,  100 

“  Sympathies,  centre  of,”  the  stomach  so  called,  An.  Phys.,  33 

Syncarposat  (plants),  Bot.,  168 

Synovia,  a  lubricating  mucilage,  An.  Mech.,  17 

Synthesis,  defined,  Chem.,  13 

System,  how  composed  in  the  animal  solids,  An.  Phys.,  13  ;  nervous,  16;  vascular,  ib,y 
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muscular,  28  ;  its  leading  features,  Bot.,  158;  natural,  defined,  159  ;  the  anatomy  of  the 
pulmonary,  An.  Phys.,  193  ;  the  animal,  must  be  gradually  brought  into  action,  An. 
Mech.,  29 ;  horse-training  in  the  army,  ib. 

Systematic  botany,  defined,  Bot.,  1;  treated  of,  129 — 214;  how  divided,  129;  characters 
used  in  the  construction  of  assemblages  in  botany,  149 — 157  ;  Lindley’s,  193 
Systole ,  of  the  heart,  An.  Phys.,  80 


T. 

Table  of  non-metallic  elements,  Chem.,  47  ;  also  of  their  binary  compounds,  48 ;  of  metal¬ 
lic  elements,  79  ;  also  of  their  binary  compounds,  80,  81 ;  of  hydro-acids  and  their  com¬ 
pounds,  87  ;  of  the  colours  of  some  precipitates  of  metals,  109 ;  exhibiting  the  basic  cha¬ 
racters  of  salts,  121 ;  also  of  salts,  or  compounds  of  the  acids  and  bases,  126,  127 
Tabula  vitrea,  bone  of  the  skull,  why  so  called,  An.  Mech.,  3 
Tabular  analysis  of  the  British  Flora,  according  to  Ray,  Bot.,  203 — 208 
Tarsus,  part  of  the  foot,  An.  Mech.,  16 
Tartaric  acid  in  vegetation,  Bot.,  102 

Teeth,  the,  figure  and  names  of,  An.  Phys.,  29 ;  vary  in  accordance  with  the  diversity  of 
food,  An.  Phys.,  30 ;  in  graminivorous  quadrupeds,  ib. ;  in  carnivorous,  ib.;  the  human 
hold  a  place  between  these,  31  ;  how  composed,  61 
Te/luretted  hydrogen  gas,  described,  Chem.,  59,  60 
Tellurium,  its  properties,  &c.,  Chem.,  59  ;  oxide  of,  ib. 

Temperature  of  the  blood,  considered,  An.  Phys.,  53  ;  its  influence  upon  chemical  attrac¬ 
tion,  Chem.,  8  ;  its  effect  upon  liquid  water,  15 
Temporal  bone,  figure  of,  An.  Mech.,  4 
Tendon,  in  what  way  it  strengthens  the  valve,  An.  Mech.,  37 

Tendons,  the,  compared  to  cordage,  An.  Mech.,  22,  23  ;  consist  of  a  strong  cord,  proved  by 
maceration  to  be  cellular  membrane,  ib. ;  Achilles’  tendon  examined,  ib. ;  by  exercise 
become  stronger,  23  ;  how  strengthened  by  cross-straps,  27  ;  stronger  for  strong  muscles, 
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Tendrils,  Bot.,  13  and  32 
Term  sesqui  explained,  Chem.,  52 

Termination  uret  explained,  Chem.,  37  ;  ate,  ib. ;  also  iterib. 

Testa,  integument  of  the  seed,  so  called,  Bot.,  53 

Tests,  or  re-agents,  Chem.,  126 

Test-tubes,  why  so  called,  Chem.,  126 

Thachrah's  experiments  on  the  blood,  An.  Phys.,  6 

Theoretical  structure  of  flowers,  or  morphology,  Bot.,  59 — 63 

Theory,  the,  of  life  ought  to  be  studied,  An.  Mech.,  60;  of  floral  structure,  on  what  princi¬ 
ples  based,  Bot.,  62;  of  the  reciprocal  action  of  the  air  and  blood.  An.  Phys.,  107  ;  of 
animal  heat,  109  ;  of  secretion,  119 

Thigh-bone,  particular  form  of  its  head,  An.  Mech.,  20  ;  of  a  dancer  fully  developed  by  exer¬ 
cise,  28 

Thirst  treated  of,  An.  Phys.,  51 

Thorax,  or  chest,  how  composed,  An.  Mech.,  1 1 ;  also  described,  An.  Phys.,  93 

Thouars  (Du  Petit),  his  doctrine  respecting  the  growth  of  wood,  Bot.,  95 

Thyroid  cartilage.  An.  Mech.,  52 

Tibia  of  the  leg,  An.  Mech.,  17 

Tillet,  Mr.,  his  experiment,  An.  Phys.,  2 

Timber  improved  by  the  action  of  solar  light,  Bot.,  86 

Tin,  described,  Chem.,  66  ;  is  found  naturally  in  state  of  oxide,  ib.  ;  per-oxide  of,  ib.;  prot¬ 
oxide  of,  ib.;  proto-chloride  of,  ib.;  alloys  of,  67  ;  proto-sulphuret  of,  ib. ;  bi-sulphuret 
of,  ib.  ;  per-chloride  of,  ib.  and  1 00  ;  muriate  of,  100  ;  salts  of,  124 
Tincal,  or  borax,  in  its  impure  state,  is  a  salt  imported  from  India,  Chem.,  47 
Tissue,  cellular,  woody,  vascular,  Bot.,  65  ;  muriform,  66  ;  fibro-membranous,  ib. ;  fibrous, 
ib.;  dotted  ducts,  ib. ;  its  extensibility,  74  ;  its  elasticity,  &c.,  ib. 

Tissues,  cellular,  described,  An.  Phys.,  14;  muscular,  15  ;  nervous,  16;  their  qualities,  20  ; 
the  properties  of  primitive,  ib. 
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Titanium,  its  properties,  Chem.,  61 ;  oxide  of,  it). 

Tones  of  the  human  voice,  An.  Phys.,  Ill 

Tongue,  the,  An.  Phys.,  31  ;  its  movement  in  the  act  of  deglutition  represented,  97 

Touch,  a  distinct  sense,  An.  Mech.,  50 

Trachea,  or  wind-pipe,  An.  Phys.,  98 

Trachea ,  An.  Phys.,  62  ;  spiral  vessels,  Bot.,  70 

Transplantation  of  trees,  rules  for,  Bot.,  84 

Treatise  of  Dr.  Philips  on  vital  functions,  An.  Phys.,  Ill ;  its  course  recapitulated,  An.  Mech., 
58  ;  also  An.  Phys.,  127,  128 
Tree  of  Diana,  how  formed,  Chem-,  93 

Trees,  transplantation  of,  in  autumn,  Bot,,  98  ■,  tlielr  state  in  winter,  96 ;  why  none  in  the 
polar  regions,  98 

Trout ,  its  mode  of  respiration,  An.  Phys.,  99 

Trunk,  or  caudex,  ascending,  descending,  Pot.,  9,  10;  in  some  plants  it  performs  the 
office  of  the  root,  and  vice  versa,  An.  Phys.,  26 
Trunk  of  the  human  skeleton  represented,  An.  Phys.,  93 
Truss,  a  term  in  carpentry,  An.  Mech.,  5 

Tube,  or  artery,  partly  resembles,  partly  differs  from,  hydraulic  tube,  An.  Mech.,  34  ;  the 
tracheal,  An.  Phys.,  62 
Tuber,  how  caused  in  plants,  Bot.,  12 

Tubes,  test,  the  apparatus  in  which  solutions  are  effected,  Chem.,  126 
Tubiferosce  (plants),  Bot.,  177 

Tungsten,  its  nature,  Chem.,  64  ;  how  oxidized,  ib.  ;  protoxide  of,  ib. 

Tungstic  acid,  how  combined,  Chem.,  64 
Turtle’s  lungs,  An.  Phys.,  91 

Tyrian  purple,  secretion  of,  the  species  gasteropoda,  An.  Phys.,  119 


u. 

Ulmine,  acids  in  vegetation,  Bot.,  102 
Ultimate  elements  of  animal  bodies,  An.  Phys,,  11 
Umbel,  Bot.,  35 
Umbilical  cord,  Bot.,  54 

Uranium,  described,  Chem.,  62;  protoxide  of,  ib. ;  peroxide  of,  ib. 

Ureta  an  excretary  duct  in  the  kidney,  An.  Phys.,  16 

V. 

Valves  for  the  blood,  An.  Mech.,  34 ;  their  action  described,  35;  the  tricuspid  resembles 
a  stay-sail  when  bagged  by  the  wind,  36  ;  diagram,  37  ;  those  of  the  heart,  38  ;  the 
three  semilunar  described,  An.  Phys.,  69;  and  represented,  7  3 
Valvula:  conniventes,  An.  Phys.,  42 
Variohne,  a  colouring  principle  in  vegetation,  Bot.,  103 
Parley’s  vial  microscope,  Bot.,  92 

Vascular  system,  the,  An.  Phys.,  63;  arteries,  veins,  ib. ;  placed  out  of  the  reach  of  ex¬ 
ternal  violence,  An.  Phys.,  72 
Vascular  tissue,  Bot.,  69 — 73 

Vegetable  kingdom,  the,  consists  of  secreted  substances,  An.  Phys.,  1 18 
Vegetable  secretions,  Bot.,  98  ;  odours,  125 

Vegetables,  how  distinguished  from  animals,  An.  Phys.,  8;  their  ultimate  elements,  10 
Vegetation,  its  relation  to  the  seasons,  Bot.,  96—98  ;  is  not  entirely  at  rest  in  winter,  96  ; 
its  great  nutrient  principles,  100 

Vein,  the,  An.  Phys.,  63,  64;  its  capillary  branches,  ib.  ;  is  essential  to  the  circulation,  71 ; 

its  function,  82  ;  experiment  upon  the  left  jugular  vein  of  a  horse,  84 
Vena-cava,  superior,  An.  Phys,,  68;  inferior,  ib. ;  contracta,  An.  Mech.,  39 
Ventrical,  a  powerful  hollow  muscle,  propels  blood  into  the  artery,  An.  Mech.,  35 
_ — ,  right,  the,  of  the  heart,  An.  Phys.,  67  ;  left,  ib. 
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Veratrine,  an  alkali  in  vegetation,  Bo/.,  102 
Vernation,  forms  of.  Bo/.,  21 

Vertebra,  the,  cervical,  dorsal;  and  lumbar,  An.  Phys.,  94 

Vessel,  dorsal,  An.  Phys.,  62 

Villi  of  the  intestines  represented,  An.  Phys.,  123 

“  Vis  inertia  ”  applies  also  to  fluids,  An.  Mech.,  43 

Vital  functions.  Dr.  Philips’  treatise  on,  An.  Phys.,  Ill,  note 

Vitality  of  the  blood  proved  from  its  fluidity,  An,  Phys.,  58 

Vitellus  of  the  ovule,  Bot.,  55 

Vitriol,  white,  component  parts  of,  Chem.,  7 

Vitriol,  oil  of,  or  hydro-sulphuric  acid,  Chem.,  31  ;  blue  or  per-sulphate  of  copper,  103 

Volatile ,  the,  term  applied  to  five  simple  substances,  Chem.,  27 

Volatile  oils,  where  found,  Bot.,  102 

Volition,  peculiar  to  the  sensorial  power,  An.  Phys.,  22 

Voltaic  pile,  its  agency  in  decomposing  bodies,  Chem.,  9 

Volumes,  definite,  law  of,  Chem.,  14 

Vorticella,  their  peculiar  construction.  An.  Phys.,  27 

w. 

Water,  how  chemically  decomposed,  Chem.,  10  ;  its  constituent  parts,  14  ;  rain  in  its  purest 
form,  15  ;  when  in  a  liquid  state,  how  affected  by  temperature,  ib.  ;  its  sudden  expan¬ 
sion  when  frozen,  16 ;  oxygenized,  its  proportions,  17;  of  crystallization,  23;  its  effects 
upon  vegetation,  Bot.,  79  ;  the  necessary  food  of  plants,  81 
Water-gilding,  its  process,  Chem.,  56 
Wax,  Bot.,  103 

Web,  the,  of  a  frog's  foot,  considered,  An.  Phys.,  79 

Welding,  the  process  explained,  Chem.,  56 

JVheel,  dishing  of  a,  explained,  An.  Mech.,  21 

White,  permanent,  composed  of  sulphate  of  baryta,  Chem.,  105 

Window-glass,  how  composed,  Chem.,  46 

Winter,  its  effect  on  trees,  Bot.,  96 

Wollaston  on  animal  economy,  An.  Mech.,  30 

Wood  combines  solidity  with  toughness,  Bot.,  17 ;  the  sap  rises  through  it,  ib. ;  it  is  sent 
downwards  from  the  leaves,  how  proved,  94 
Woody  tissue,  how  distinguished  from  cellular;  Bot.,  68  ;  sap  ascends  by  it,  91 
Wool,  philosophical,  Chem.,  69 

World,  some  opinions  respecting  its  original  atmosphere,  Bot.,  96 


X. 

Xanthine,  a  colouring  principle  in  vegetation,  Bot.,  103 

Y. 

Yttrium  described,  Chem.,  77  ;  oxide  of,  or  yttria,  ib. 

z. 

Zaffre,  or  oxide  of  cobalt,  Chem.,  62 

Zanthopicrite,  a  resinous  principle  in  vegetation,  Bot.,  103 
Zeine,  a  resinous  principle  in  vegetation,  Bot.,  103 

Zinc,  or  spelter,  described,  Chem.,  69 ;  chloride  of,  ib. ;  alloys  of,  ib.  ;  oxide  of,  ib.  ;  liydiio- 
dates  of,  101 ;  salts  of,  123 
Zirconium,  Chem.,  78  ;  oxide  of,  or  zirconia,  ib. 

Zoophytes,  An.  Phys.,  27  ;  medusa,  ib. ;  asterias,  ib.  ;  echinus,  ib. 
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